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I N T R 0 D U C T I 0 N 
The aim of this research project was to investigate the uptake 
of radiostrontium and radiocalcium, primarily by Limnaea species, 
under varying calcium ion concentrations in the external aquatic 
environment. 
The reasons for studying the fission products 89 Sr and 90 Sr 
are, 
(i) that almost nothing is known about the metabolism of these 
radionuclides by fresh water molluscs, 
(ii) that these fission products are knovvn to be potential 
hazards from the public health point of view, 
(iii) that the possibility exists that these fission products have 
potential ecological effects, 
(iv) that molluscs may act as biological indicators, and 
(v) that strontium may act as an indicator for calcium. 
90 Sr has a half life of 28 years and .this means that a slow 
rate of turnover-may result in radiation exposure for the entire 
life of the organism. 89 Sr has a half-life of 51 days, so that 
it. will, take almost a year (six half lives) before 98.5% of the 
activity has decayed. In the present work, 85 Sr and 47 Ca were 
used because they are gamma-emitting isotopes, and because of this, 
they can be measured a number of succ~ssive times. This is not so 
vdth 89 Sr and 90 Sr, which are both beta-emitting isotopes, and 
whose use therefore involves killing in order to extract the 
i'sotope. It is assumed that the uptake of 85 Sr and 47 Ca is 
similar to that of 89 Sr and 90 Sr. 
!" .. 
The Phylum Mollusca are ideally suitable for investigating 
the uptake of radionuclides, since they have two distinct parts 
to their organism - the shell and the body proper (head, foot, 
mantle and yiscera). An aquatic environment provided a less 
variable habitat than a terrestrial environment, so water snails 
were chosen in preference to terrestrial species. 
The molluscan species studied were Bithynia tentaculata (Linn) 
and Viviparus vivinarus (Linn) of Pi~osobranchiata; and Limnaea 
stagnalis (Linn), Limnaea auricularia (Linn), Limnaea pereger (Mull) 
and Limnaea truncatula (Mull) of' Pulmonata. 
- 3 -
M .c\.TERIALS Al'J"'D METHODS 
The freshwater species of gastropods were obtained from the 
Shropshire Union Canal at Chester (396673, 39.6675) page 7 , except 
for Limnaea truncatula which vvas obtained from I.C.I., Wilmslow, 
Cheshire. 
The experiments were carried out in (a) unfiltered and filtered 
canal vvater and (b) aerated and non-aerated distilled water contain-
ing amounts of calcium varying from 0-600 ppm Ca++. (Figures la and 
~b-). The calcium ion concentrations were obtained by addition of 
suitable amounts of filtered saturated 'Analar' calcium sulphate 
solution, which had been made up for at least 10 days. Aeration 
'"""as supplied by a F..y-.Flo diffuser pump, as shown in Figure la. 
Continuous flow experiments (c) were also performed (i) using the 
same solution and (ii) changing the solution at known intervals of 
time, in each case using a range of calcium concentrations, and (d) 
humidity experiments were performed in a thermostatic bath at 18°C, 
\nth fed and injected snails. The initial experiments were with 
unfed snails but later were studied ~dth fed as well as unfed snails. 
In experiments in which the snails were fed, th~ source of the 
food was Elodea callistroides (from L. Haig, Newdigate, Surrey), 
Elodea canadensis (Michx) from the Shropshire Union Canal, Chester, 
Nasturtium officinale x microphyllum (Watercress), from a stream 
Ruthin (186582) which contained Limnaea pereger, and Lactua sativa 
(Linn) the garden lettuce. 
•;, 
.,. -
Stiff paper cover,to stop dust. 
Plastic tubing 
o diffuser T 
p ump 
< \It 
I 
"" 
. I ~ ~ 
~~ 
I---
..... ~ , 
Glass :lmm Gla~tubing,drawn out i..u 
Vessels. Covers to glass vessels, 
to reduce 
to a 
fine jet. These were adjusted to give 
a constant stream of bubbles. 
evaporation. 
Figure. 1 a. 
Arrangement of experimental vessels - Aerated condition. 
. Glass plates Cut plastic tubing, which raised glass plate , so 
allowing air in for respiration • 
'" 
,. 
I' I' I ' 
Pigure. l. b. 
Arrangement of experimental vessels - Non-aerated condition. 
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Any dead snails or bleached or discoloured plant materia~ in 
the experiments, were removed immediately and the pH of the 
solution determined to see whether it could be used or dis-
continued. The pH of the experiments was determined with 
B.D.H. Universal Indicator and pH papers, and the pH of the 
solu·tion containing the snails or plants, was determined every 
time a snail or plant was sampled for breakdown. 
throughout the experiments from pH 6.5-7.0. 
The pH varied 
Laboratory conditions were used with temperatures varying 
from 18--22°C, and the lighting was mainly diffuse daylight 
supplemented by artificia~ lighting. A series of experiments 
were performed in the dark to see whether uptake over a wide 
calcium range vrould be influenced by darkness (see page 180). 
Borosilicate glas-s, silica, polythene and polystyrene 
apparatus was used throughout the experiments. 
In addition to taking samples for radioactivity measurement, 
a 10 ml. ·sample was taken for oalci~~ ion determination every 
time a snail or plant was used for breakdown, into a 250m2. flask. 
The calcium concentrations were determined by a standard 
titrimetric procedure using ethylenediamine tetraacetic acid 
(EDTA) solution with Patten and Reeder's (calcein) indicator. 
(Vogel 1961; Lucas & Pickering 1962). This indicator gave a 
clearly defined colour change at the end point. 
- 6 -
The calcium ion concentration of the canal water, filtered 
through glass wool, was determined when snails were collected 
from the canal. 
The radioactive isotopes used in the experiments were 
obtained from the Radiochemical Centre, Amersham. Initially, 
89 Sr and 90 Sr. v1ere used, but later 85 Sr and 47 .C.a were used. 
Sufficient_radioactive isotope~s added to thecalcium solutions 
to give a count rate of at least 2000 cpm. The isotope was 
allowed to equilibriate with the glass v~lls of the vessels for 
at least three hours (non-aerated) and 1 hour (aerated) before 
the introduction of either snails or plants. In the case of the 
feeding experiments, the plants were allowed to equilibriate vdth 
the isotope solu-tion before· the introduction of the snails. 
Ecology of the Shropshire Union Canal, Chester 
The ecology of the Shropshire Union Canal at Chester, is 
summarised in Figures 2, 3, 4, 5 & 6. 
The canal in this area is infrequently cleaned by British 
Waterways, although the banks are kept in good order. A large 
amount of debris is found floating in the surface waters. The 
canal is slow moving and·is relatively shallow, so that the 
environment presents a fairly uniform habitat for both the flora 
and the fauna. 
.·. 
SCA.L E (miles) 
0 10 
FIGURE 2. 
MAP OF SHROPSHmE UNION CANAL, ~ro SHOW POSITION OF 
AREA OF SAMPLING SnAILS ( A ) • 
( TAKEN FROM '_FIEW STUDIES, 1 ·!!., 1, 1959,Freshwater 
Sludies in Shropshire Canal by H.M.Twigg). 
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The snails were obtained frori. the reed beds on the east bank 
of the canal, amongst Juncus articulatus, Sparganium erectum and 
in d.eeper water Glycera maxima. The close-up photograph (on 
page 11 ) of the surface waters, shows the presence of Lemna minor 
and gydrocharis Morsus ranae, which forms a typical habitat for 
snails. Elodea canadensis and ~o/rigqwllurn spicatum are under the 
surface of the water and cannot be seen in the photograph. 
Several pieces of wood ·were placed in the water and anchored 
to the bank by means. of wire (photographs ~n pages 9 ;.\nell 11). 
After a period of 1-2 .months, an algal matt forms on the wood 
Vihich supports a large snail population, and facilitates ease of 
collecting. 
Viviparus species was found mainly on the surface mud in 
shallow ·water. Bi thJI;nia species was found in large numbers on 
the rhizomes of the reeds, and on the v~od. Limnaea stagnalis 
was found mainly on the surface mud in shallow water, on Elodea 
and on the wood. Limnaea pereger and Limnaea auricaularia were 
found on the rhizomes of the reads, amongst the Elodea and on the· 
wood. 
The follo,.ving is an analysis of the canal water from the 
Shropshir·e Union Canal, Chester from where the snails were 
collected for the experiments. The analysis vvas performed by 
Mr. B.A. Brooks, in the City Analyst's Office, Chester on 23.10.62. 
\• 
- .L_, -
.Alkalinity 140 ppm as _Na2Go3 
chloride 114 ppm as J:.TaCl 
carbonate 84 ppm as co3
--
Total Hardness 229 ppm 
calcium 165 ppm as Caco3 
magnesium 64 ppm as Mg-C03 
pH 7-4 
magnesium 15.55 ppm as M ++ g 
calcium 66 ppm as Ca++ 
The reasons for usi11g Limnaea species and Bitsynia species 
In the initial experiments with Limnaea stagnalis, it was 
found that they needed a large v.olume of water to be active, 
otherwise they would die. This finding is in agreement with 
those of Taylor,l894-l900; Turner,l927; Crabb,l929; 
Boycott,l936; Robertson.l941. 
Ther·e was also some difficulty in weighint; the specimens 
of L.stagnalis, due probably to the large volume of fluid in the 
mantle cavity, which was difficult to remove. It was 
inadvisable to have large volumes of radioactive isotope, 
because of the risk of contamination. It was decided that 
smaller species of Limnaea would not need such large volumes 
of water in which to live, and that they would greatly reduce the 
- ..i..-.· -
difficulty of weighing. Three species of Limnaea were selected, 
two of which, Limnaea auricuLuia o.nd Limnaea pereger, occurred 
in great numbers in the Shropshire Union Canal at Chester. 
Limnaea truncatula was the smallest species used in the 
experiments. 
L. nereger has been found in lakes in North ~:Jales (Boycott 
1936) vll'ith calcium concentrations of 1, 2, 5 ancl 8 mg Ca/1, to 
lakes containing 122 ID€ Ca/litre. L.pereger is therefore suit-
able for experitne,nts ·since it can tolerate a wide range of calcium 
concentrations. 
Limnaea species belong to the group of molluscs termed 
'pulmona.tes' and are descended from land li'ring molluscs, possess 
a radula and feed on organic detritus and algae. Bitbynia 
tentaculata and Viviparus vivinarus were selected as a comparison 
with_Limnaea species, as they are ciliary feeders and possess 
opercula. Bi th;ynia tentaculata and Vivi;parus vhriparus are also 
found in abundance in the Shropshire Union Canal. All the snails 
selected for experiments were washed in distilled water to remove 
surface algae and detritus, and then in the appropriate calcium 
concentration for the experiment. 
The Limnaea species were measured, from the apex of the shell to 
the base of the umbilicus and this measurement ¥~s called the shell 
length (S~. Vivinarus species were measured across the most 
- lr.;-
ventriocose part of the shell, that is, the maximum diametel' (MD). 
for the snails 
Seven vessels containing uncontaminated filtered canal 
water and L~~- ne~eger were set up, each containing different 
plant material. 
In (i) pieces of lettuce, (ii) Elo~~~~~~ensis, (iii) 
!asturti~ __ officinale, (iv) Cladophora2 (v) Fontinali~L (vi) 
Oscillatoria and (vii) artificial prepared food consisting of 
50% Cow and Gate dried milk and 50% Farex. 
These jars were left for 14 days and then examined, to 
see which plant the snails had eaten. All the lettuce had been 
eaten, some ~~dea and some watercress. There was no sign, even 
under a binocular microscope that any of the ~o~g~ or 
~ii~~1is had been eaten. Although Osci1lato~ and the 
prepared food had been eaten, there was difficulty in sampling 
and this food therefore proved to be unsatisfactory. 
lb . 
I=" I~ URE":. 8 
P H CTOC.,RAPH OF 1-IQ.VI:P ~ -C oUN TE..R... E. RIC.SSON 12..-ZIC SCALER.. 
11.2. \ c Po~r-JE.R.. UNIT . 
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Cali bra_tion of the liquid ~-counters 
89 Sr and 90 Sr wer~ used in the first series of 
experiments on the uptake of radioactive isotopes by molluscs. 
a..· -These two isotopes are both ~
measurement of the activity was 
counters. (Figures 8 & 9). 
-
Element half-life beta 
-
I 
89 Sr 51 days 1.44 
90 Sr 28 years 0.54 
90 y b4·l hours ?.. ~s 
--
emitters (Figure 7), and 
performed on dual liquid 
energy gamma 
IlieV (100%) 0.91 MeV 
l\!!eV (1001~) 
M<l.V ( loo%) 
Figure 7. 
energy 
( c-r) O.Oli" 
Physicul data on 89 Sr and 90 Sr from ''rhe Radiochemical l\iianual, 
Part One, Physical Data,• published by the Radiochemical Centre, 
.Amersham, 1962. 
The two liquid counters Yfere standard counting- apparatus. 
The equipment consisted of Ericsson 1221C Scalers vvi th l221C Povver 
Unit or with 119.105A Power Unit. The liquid radiation counter 
tube employed -vvas the 20th. Century Electronics T<jpe· Ivi.6 (operating 
voltage around 1150 volts) which was accomodated in the cylindrical 
(Veall) type lead castle. The capacity of the M._6 is about lOml. 
PHOTOC,RAPH 
SCA L £ R.. v..J I Tf-1 
F I~ UR.E. 3 · 
OF 1-IQ.UID (?- COUNTE..R . =ERt c..SSON 
t...... . 19 . lOS A. POV'-IE.R.. lJ NIT . 
I 2::2. I c._ 
,' 
and the liquid should be added until the top of the tube is 
covered to a depth of 1/4 inch. The counter measures the 
concentration of the radioactive isotope not the total amount. 
The counting rate is independent of the v1eight of diss-olv:ed 
material in the solution, provided that the density is not 
significantly different from that of water. 
The operational voltage of the Geiger Muller tube type M6 
was determined using 10 ml. of standard 89 Sr solution and 
measuring the activity over a wide E.H.T voltage range. 
Method of using the M6 ... ' ~.uoe, 
One millilitre of 89 Sr obtained as strontium chloride from 
Amersham ~~s made up to 50 ml. in a graduated flask, 'nth aerated 
distilled water and made slightly acid, (pH 6.5), by external 
spotting. The flask was thoroughly shaken and allowed to stand 
for 30 minutes before a 10 ml. sample was pipetted into the M6 
tube which had been previously washed out with concentrated HCl 
and three washes of distilled water. 
Contamination of the glass walls of the M6 tube, due to 
a'dsorption or ion-exchange with the isotope solution, necessitated 
cleaning the tube after each determination. The tube '~s v~shed 
ou,t vii th 2N HN03 and thre.e washes· of distilled water, which 
removed 89 Sr and 90 Sr from the walls of the tube. 
- r-·-• -
Background was determined periodically throughout the 
experiment. This ensured that the M6 tube had no residual 
activity on the glass walls, and was clean. 
Determination of' the Geiger Muller (GM) plateau, 
The lOml. sample in the l\-16 tube was counted over a wide 
E.H.T voltage range. Since 10 ml. of str.ontium chloride was 
used in determining the activity of the strontium, the strontium 
chloride solution was replaced by 10 ml. of distilled ·water 
after thorough washing, to determine the background over the 
same voltage range. 
The count rate v~s corrected by adding the appropriate 
paralysis correction which was read off from a set of tables 
(Ericcison pamphlet for the beta counters), before background was 
sub:...tracted from the count. The corrected count 'vas plot·~ed 
against increasing E.H.T voltage, and the operating voltage was 
found to be llOOv for the particular M6 tube used, this. figure 
being the mean of the Gh'i plateau (Nokes, 1960). 
Double checking of the count rate 
The 10 ml. sample was counted on two liquid beta-counters. 
This was considered necessary, since there was a fluctuation in 
the E.H.T supply to the counters throughout the day, the mercury 
-21-
(;Oataci:;s in ti1e castle were lovrered clue to placing the M6 tube 
in the castle, and there was intermittent faulting in the 
electronic circuit of the counters. One counter was used to 
check the performance of· the other. 
_Stabj._!~.E..f._ the M6 tube . 
The stability of the M6 tube was determined on the setting 
above, using the formula:. on the Barnes Control Chart. A clean 
liry M6 tube wa·s placed in the castle of the liquid ~-counter 
and a sealed standard source of 90 Sr was placed on top of the 
tube , and the castle lid closed. The Barnes Control Chart gave 
upper and lower limits of stability and provided the calculated 
figure fell between these two figures, then the tube was said to 
be stable. 
A I 2 determination was performed at the begining and 
}. 
the end of each day that the tube was used, to ensure stability. 
Effiei~nex of the M6 tube 
Although the efficiency of the M6 tube was not required in 
these experiments, an approximate figure has been ~1oted of 5.6% 
for 89 Sr ( Carr, Harrison & Sutton, 1961), 10-11% for 90 Y and 
0.5% for 90 Sr (Carr, Harrison & Sutton,1961: Sherwood & Dunster 
1958). These: figures vary from tube to tube. 
nn 
The same M6 "tube was used throughout the experiments for 89 Sr, 
and ;-.anothertube for 90 Sr. It v~s extremely important that the 
counters were allowed to warm up for at least 1! hours before use, 
to avoid fluctuation in the count rate. 
Calibration of the¥- -sci~tillation counter 
Since both 85 Sr and 47 Ca are gamma emitting isotopes 
(Figure 10), they are measured by means of a gamma scintillation 
counter (Figu:re 11). In this case, an EKCO H529Di Scaler with 
a thallium activated I! inch diameter Nai crystal contained in a 
lead castle, was used, which gave 217 geometry. 
However, 47 Ca which has a short half-life has a daughter 
product, i.e. 47 Scandium, which has a similar half life (Figure 
10). This situation presents the problem of separating 47 Sc from 
47 Ca. The Decay or Disintegration Scheme for a particular 
radionuclide is a statistical means and is constant (Moore, 1963). 
'l1he Decay Scheme for 4 7 Ca is shown in Figuz:e 12. 
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Element half life beta energy gamma energy 
.. 
85 Sr 65 days electron 0. 513 MeV (lOO~b) 
capture 
via 0.9 usee Rb85 100% 
47 Ca 4. 7 days 0.66 MeV ( 83?~) 0.48 :ryieV ( 67~) 
1.94 MeV (17 %) 0.83 MeV ( 6%) 
1.31 MeV (77~) 
-
47 So 3.4 days 0.45 MeV (74%) 0.16 MeV (74%) 
0. 61 MeV (26%) 
Figure 10 
Physical data on 85 Sr, 47 Ca and 47 So from, 'The Radiochemical 
~~nual, Part One, Physical Data,' published by the Radiochemical 
Centre, Amersham, 1962. 
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Calcium 47 
0.66 MeV (85%) 
Scandium 47 Excited State 
1.94 MeV 
(17%) 
Scandium 47 t/2 = 5.4 days 
0 .61 MeV 
(26~&) 
Figwe 12. 
Decay Scheme for 47 Ca. 
0.45 MeV (74%) 
Excited State of 
'ri tanium 47 · 
~ 0.16 MeV (74%) 
Titanium 47 
Ground State 
Data obtained from,' The Radiochemical Manual, Part One, 
Physical Data,' 1962. 
Note: Not all the steps in the transfer from the excited 
to the ground state of 47 Sc are known with any certainty. 
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Determination ~~ 3r. 
IJethod 1 
The discriminator \';as sot at 5v. The 5 ml sample of a 
diluted radiostrontium solution ~~s placed centrally on the 
Nai crystal. The lid of the castle was closed. The count 
rate y,ra.s measured '.:vi th incre:1sing applied ::J. H. T from· 600v to 
1400v at lOOv intor~als. The amplification v~s 1000 x 0.1 = 
100. The measurements were repeated with 5ml of distilled 
water in a similar polystyrene pot iai th polythene coy,er, in 
place of the i·sotope solution, to obtain a background count. 
T'ne experiment we.s repeated at lOv discrimination. 
From the results, a graph of s2/B against E. H. T Yfas 
plotted on lin/lin paper, (Figure 13), and shm7ed a maximum, 
representing .Ll- •• ~. ~- the optimum Iii. H. T vol ta~e for the 0 -emitting radiostrontiUm 85 and the discriminator bias 
voltage. (Outeridge 1954). 
The operating voltage from this experiment showed that 
the best setting for coun·l;ing radiostrontium 85 was llOOv 
E.H.T., lOv Disc Bias and amplification 100. 
Method 2. 
An energy spectrum of the sample used in· 11ethod 1 was 
performed. The Disc Bias was set at a maximum, and the 
~'D.H.T volta0e turned dovm until no counts itvere 6 iven, 
i.e. 800v ::ll.H.T. On this voltage, and amplification 100, 
the Disc Bias Tias varied from Ov to 50v and a graph 
:elotted of corrected cpm a.::;ainst increasing Disc Bias (Fit;ure 
14). It can be seen that at lOv Disc Bias, that the 
maximum energy of ·t;he isotope is counted. 
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Method 3 
The energy spectrum of a 5 ml sample \Vas :performed with a 
pulse height analyser (PHA) and the N529D Scaler. The setting 
for counting the maximum energy ·was 800v E.H.'l\, amplification 
100, band width lv, analyser ON and PHA 22.5v (Figure 15·). 
Determination of radiocalcium 47 
~r 
The main reason for using 47 Ca was that it was the only gamma-
emitting isotope of calciQ~ available and that whole body 
measurements could be made on the living snail at intervals of 
time. The gamma scintillation method facilitated ease of 
counting and handli·ng radioactive material. 
A great disadvantage of using 47 Ca was discovered during the 
preliminary work. This was the difficulty of obtaining a pure 
sample of 47 Ca.Radiocalcium 47 decays.•with a half life of 4.7 days 
into radioscandium 47 which has a half life of 3.4 days. Thus one 
has the situation where both parent andda.ughter isotopes have short 
half-lives. As the 47 Ca decays, the 47 Sc builds up into the 
solution, and at the same time decays, as shown in Figure 16. The 
regrm•vth of 47 Sc into the mixture has a maximum at 5.8 days. 
Therefore when 47 Ca is used in an experiment over 14 days, the 
initial count must be high enough for decay, that is, 4,000 cpm. 
This c:ount will give a count sufficiently high to be statistically 
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correct after three half lives. The instrument must be set in such 
a '.Nay as to count 4 7 Ca and not a mixture of 4 7 Ca and 4 7 Sc. 
Method l 
Radiocalcium 47 was obtained from the Radiochemical Centre, 
Amersham as sterilised calcium chloride in isotonic saline solution, 
with 0.27 ug of calciQm per 22.2 uC in O.lml. The isotope was 
diluted with distilled water. to give a count of,20,000 cpm per 5ml. 
The operating voltage determined according to a s2/B plot was 
llOOv E.H.T., _lOv Disc Bias and 100 amplification. 
To confirm the setting obtained by the s2/B plot, a similar 
plot was performed using 5 ml of standard 60 Co solution which has 
gamma energies similar to 47 Ca, i.e. 1.17 and. 1.33 MeV. The 
s2 /B plot for 60 Co gave a peak at 1125v E. H. T., ·with Disc Bias 
10v .and amplification 100. I•f 1125v E.H. T = 1. 33 MeV, then 
110~' = 1.33 x 1100 = 1.3005 lleV, which is approximately 1.31 MeV, 
II~ 
the energy of the highest gamma of 41 Ca. 
There v~s little real value in working out the efficiency of 
the counter but an approximation was carried out as outlined· 
below. A standard solution of 60 Co was diluted quantitatively 
with acidified distilled w-ater and a 5 ml sample counted. This 
. liquid sample was placed on the Nai c~ystal and counted over 
20 minutes, and gave a corrected count of 1.2 x 104 cpm. These 
values were substituted in the ts"eneral equation, 
Efficiency (~~) = observed CJ2m 
X 100 
calculated cpm 
1.2 X 104 
104 10
2 
11.183 X X 
= 0.1073 X 102 
= 10.73% for 60 Co at 1125v E.H.T.,D.B~lOv~ 
Amp 100 
At 900v E.H.T., Disc Bias lOv and amplification 25, the 
efficiency of the counter, using 60 Co, is 2.6% (Pickering 1964). 
These figures suggest that the efficiency of the counter is related 
to the amplification setting. 
2/ Since both 47 Ca and 47 Sc are ga~ma emitters, then the S B 
setting gaYe the total activity of both these isotopes in the 
sample. 47 So has a low energy gamma, but a high percentage of 
gamma's (page ?3) and 47 Ca has high energy ga~na and high 
percentage of gamma's. Higher discrimination values tended to 
cut out the lov;er energies, thus the setting used, i.e. llOOv 
E.H.T., Disc Bia .. s lOv and amplification 100, counted primarily 
the higher energy garru:J.as, that is, 47 Ca. 
Half life determinations on the sample used gave a value of 
6.5 days, which is consistent vvith. the value exp_ected from a 
mixture of 47 Ca and 47 Sc. 
'I'o cut out the lower. energy gamma. of 4 7 So, the amplica tion 
was set at 25v. The E.H.T was reduced at Disc Bias 15v, until the 
count rate stopped," which occurred at 900 v E.H.T. The Disc 
- J,Li. -
Bic~s was turned do•an, at Ov Disc Bias there v-r.:;.s a fast count which . 
diminished at 7v Disc Bias and ther.e was no . count at lOv Disc Bias. 
Thus at lOv Disc Bias, amplification 25 and 900v E.H.T. only the 
highest gamma's Viere counted, i.e. 47 Ca. 
At lOOv amplification, E.H.T 900v, it \Vas not until a Disc 
Bias of 37v 1:vas reached that the count rate was almost nil. At 
llOOv E.H. T., amplification 100, the Disc Bias had.: ~UO.·:·izffec~"in; 
re.d.u.c. i ng th.e nu.m ber of co\.Lnts over the Disc Bias range of 0-5ov. 
i.e. it counted the maximum energy of both 47 Sc and 47 C~. To 
substantiate these findings, samples of Cerium 144, which has a 
half life of 285 days and gamma energy of 0.13 MeV (compare 47 Sc 
with gamma energy of 0.16 ~~rev), and 60 Co with a half life of 
5.27 years ancl :;amma energies of 1.17 and 1.33 l,J:eV (compar·e 47 
Ca with gamma energy of 1. 31 MeV) VJt.He used. 
The follovving setting was used to determine the 47 Ca in 
the initial set of experiments, 900v l!l. H. T., Disc Bias 35v and 
amplification 25. 
Method 2. 
To ensure that the 47 Ca was counted a pulse h~ight analyser 
(PI-L4.) was introduced into the circuit which separated the 47 Ca 
from tho:.l 47 Sc by virtue of their differen·t energies. The PH..J\ was 
a stabilised If;natron N/101, with modifications by M:r. R. Herbert, 
Principal Physicist at the Radit~ Institute, Liverpool. The 
PHA was introduced into the EKCO l~ 529D Scaler circuit as shoi.m in 
Ft~ URE 17 . 
P H oToc,R ,.,.,PH S H o vv1NC, P uL-SE. HE.tc;HT A N A k l' SER. 
'-"/111-\ EKCO N ~ 29J) SC A l- E R_ 
SCALER PULSE HEIGHT ANALYSER CASTLE 
input output input output 
~ r.. 
*' -
Figure 18 . 
Diagram to show how t he PHA is introduced into t he N 529 D 
Scaler circuit. 
- )7 -
Figures 17 & 18. 
There was no paralysis encountered with the PHA so that a more 
active source was used than with the scaler. A PHA used at narrow 
band widths, say lv OJ;' 2v, limits the number of pulses.' Since a 
high count rate is. desirable a more active source can be used. The 
PHA can differentiate between the low energy gamma (0.16 MeV) of· 
the scandium 47 and the high energy gamma (1~31 MeV) of the calcium 
47. Thus one has a double counting technique. 
Before one can calibrate the PHA for 47 Ca and 47 Sc, one has 
to work vdth a pure sample of 47 Ca. 
The Amersham Methodfor the separation of radiocalcium from 
.;;;r.;;;a.;;;d;;::i:.;:;o.;;;s.;;;c.;;;a;.;.;n;;;d;.;;;i.;;;um=·-..-li(.;;;R;;;a;;;d;.;;;i:.;:o:.;:c.;;;h;.;;e;;.;;m;;;i:.;:c:.;:a;;.;;l:.....;;;li=U3.1fual ,_Part Tv.ro 19 6 3 ) 
This method cla·ims that filtration through filter paper removes 
the· bulk of the scandium from a neutralised solution of calcium 47"·· 
Experiments were carried out to test this claim. The isotope 
from ~mersham was diluted to give a count of 20,000 cpm per 5ml 
on the previously determined s2/B plot. The diluted calcium 
solution was neutralised using calcium hydroxide solution, and then 
filtered through Green's No.791 filter paper as shovm in Figure 19. 
The ·collecting pot contained 1 ml of concentrated HCl, to 
prevent adsorption of the isotope onto the wall of the pot. A 
5 ml sample was collected, which included the acid, and counted. 
ilter pa ers 
Polystyrene ----~ 
pot containing 
1ml cone HCl 
i ure 19. 
Di a r an showing t he arran~ement of app atus for 
filtration of 4 7 Ca by t he Arne s~am .ethod. 
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The counts were corrected by mult:i,plying by 5/4 to give a 5ml 
reading, which will be comparable with other samples. 
Procedure for the calibration of EKCO N 529 D Scaler with 
PHA in.th~ determination of 47 Ca and 47 So 
The 5ml sample, reputed to be pure calcium 47 by the Amersham 
method, was placed centrally on the Nai crystal and t_he castle 
lid closed. 
The energy spectrum of 47 Ca was determined first, since it 
had a high energy gamma, i.e. 1.31 Me~. With amplification set at 
A-5 (250 x 0.1) PHA at '3.0v, analyser switch on and band width 
2v, ~ table of results was constructed of count rate against 
increasing applied voltage (E.H.T) from l-l60Cv at 50v 
intervals. The experiment was repeated at 5v and 7v Band 
"\'lidths •. These results were expressed graphically, with count 
rate plotted against increasing E.H.T in Figure 20. 
It can be seen from Figure 20, that (i) the count rate 
increased with increasing band width and (ii)that the main 
peak was at 875v for 47 Ca. From this, one would expec·li the 47 
Sc peak to be at 3. 75v PHA, which can be increased to 15v PR./t by 
increasing the amplification to 100, i.e. a factor of 4. 
A test for scandium was performed on the same sample at this 
setting 
The Ill.H.T was left at 875v and the amplification was 
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readjusted to 100 (1000 x 0.1), Band Width 2v, analyser switch on, 
and "the PHA 'rol tage vvas varied from 0-50 volts. A graph of count 
rate against PF.A voltage was constructed from the data. obtained, 
Figure 21. Figur.e 21, shows that (i) there was a peak at 22v 
PHA and (ii) that this peak indicates that 47 Sc was present in 
the solution. This proves that the claimed separation by filter 
paper does not take place. If no 4 7 Sc \vas present, then there 
would have been no peak. This proves that there was not complete 
separ~tion and that both 47 Sc and 47 Ca were present. 
The 47 Ca en~rgy ·spectrum was constructed, by plotting the 
count rate against PF~ voltage in Fig~re 22. The setting was 
875v,amplification 25, Band Width 2v, analyser switch on. 
lCheinical method for the sena·ration of pure 47 Ca 
Another method for the separation of calcium and scandium ~as 
then employed (~llison 1964). To the diluted 47 Ca solution from 
Amersharn, 100 ug of 'Analar' ferric chloride was added until a pH of 
2.5 was reached, using pH papers and B.D.H. Universal Indicator. 
The solution was neutralised with equal quantities of freshly prepared 
N/10 ammonium hydroxide ·which had been kept in a refrigerator, and 
N/10 ammonium chloride, until a brownish reel. precipitate of ferric 
hydroxide appeared. lml of the ammonium hydroxide and the ammonium 
chloride was added cautiously to the isotope solution, which darkened 
before clouding appeared,. and then the precipitate occured. The 
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The soluti0n was tested vdth pH papers and B.D.H. Universal 
Indicator until a pH of 7.0 was reached. 
The formation of the co·lloidal precipitate of ferric 
hydroxide formed a surface, onto whiQh the scandium was a~sorbed. 
This s~paration is termed 'radiocolloid formation,' and is probably 
due to the adsorption of hydrated ions on suitable surfaces. 
(Radiochemical ~anual, Part one, Radioactive Chemicals 1963). 
Removal of the precipitate and the scandium was effected 
by filtering through Whatman No.541 filter paper. Only one 
filtration was· found to be necessary. 
The filtrate was counted for 47 Ca and 47 Sc by the previous 
method. The energy spectrum was constructed as before, for the 
·filtered 47 Ca, and this was checked using a standard 60 Co source7 
Figure 23. The standard 60 Co has ti~ peaks at 30.5v and 34.6v 
' 
which corresponds with the gaw~a energies of 1.17 and 1.33 MeV. 
The filtered 47 Ca has three peaks at 13v, 22v and 34v. The peak 
for 1.33 MeV for 60 Co was at 34.6v, the peak for 47 Ca is at 34v 
which \till -correspond with, 
1 ... 33 X 34 
3 4.6 = 1.308 MeV 
The other two peaks for calcium give energies of 0.47 MeV and 0.84 
MeV. These figures are closely in agreement with the figures quoted 
in the Radioisotope l!Ianual published by .Amersham, and which is 
summarised on page · 24. Thus the setting of 875v E.H.T., amplification 
25, band width 2v, analyser switch on and 34v PH.il. was the correct 
setting for measuring the 47 Ca in a sample. 
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The energy spectrum of 57 Co was constructed and then the 
filtered 47 Ca was compared to see if there was any scandium 
present. The settir~ for the 57 Co was 875v E.H.T., amplification 
100, band width lv with analyser switch on. Since the band width 
is lv, then the instrument does not differentiate between two of the 
gamma energies of 0.122 MeV and 0.136 MeV. (Figure 24) • Figure 
24 shows that the peak for 57 Co was at 14v FHA and that this 
corresponds with 0.122 MeV. The graph also showed that the 
filtered 47 Ca solution at this~tting was almost a straight line 
with no definite pe~. This indicates that there is no scandium 
present in _the· sample. 
The 47 .Ca s·a.mple was kept for a number of days, and measured 
over the energy spectrum to observe the growth of 47 So from its 
parent isotope 47 Ca. This ingrowth is shown in Figure 25. 
Fig· •. 25 shows that ( i ) that there was no 4 7 Sc present in the 
filtered 47 Ca solution, but as time progressed 47 Sc grew into the 
solution from the decay of 47 Ca. 
(ii) that the peak occurred at 19v PHA. If 14v PFA corresponds 
with 0.122 MeV, i.e. the energy of 57 Co, then 19v PF~ will 
correspond with 0.122 x 19 = 0.165 MeV for scandiwn 47. 
14 
(iii) that the chemical s~paration method employed removed 
the whole of the scandium from the calcium solution. 
From these results, one can obtain the settings to differentiate 
between calcium 47 and scandium 47. These settings were :-
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(i) Calcium 47. 
E.H.·T. 875v., Amplification 25v., P.H.A. 34v., Band Width lv.; 
Analyser ON. 
(ii) Scandium 47. 
E.H.T. 875v., . lunplification lOOv.,P.E.A. 19v., Ba.nd Width lv., 
Analyser ON. 
Since there was a growing-in of the scandium into the filtered calcium 
solution, a factor has to be determined to give a correct value for 
scandium, (i.e. 'f'). 
Calculation of the factor ~f' 
f = count rate of Ca. 41 filtered at 12v2 i.e. low volta.~e 
count rate of Ca. 47 filtered at 34v, i.e. high voltage 
= 1500 CJ2m 
4600 cpm 
= 0.3260 
This factor was then used to correct the scandium count obtained from 
the PH..~\ setting. 
Let 'x' be the value at the high voltage, i.e. 34v, and 'y' be the value 
at the low voltage, i.e. 19v. 
Then 'x' = calcium count, which was then corrected for decay, and 
'y' - 0.3260 x = scandium count, which was corrected for decay. 
It was found unnecessary to determine absolute values, since most of 
the results were expressed in the form of Accumulation Factors (A.F.), 
and the initial standard of at least 2000cpm per 5ml, observed at the 
beginning of the experiment. Since the sensitivity of the Ekco scaler 
and PH.A vJa.s different, for counting scandium and calcium, then a ratio 
of the cpm's is therefore not applicable. However, a comparison of 
- 'fU -
the A.F's of scandium and calcium can be made. 
1'he energy spectra of both Ca 4 7 and Sc 4 7 were checked at the 
beginning and the end of the first experiment involving the PHA uni~. 
It was found that the peaks which corresponded vtith the energies of 
the gamma radiations, had decreased throughout the day (12 hours). 
This decrease in the optimum voltage on the PHA ~·mplied that there 
was a fluctuation in the E.H.T. supply. The resistors in the unit 
have a variable temperature coefficient, and the output of the lOOv 
from the resistor§ compared with the output through a neon stabiliser 
was not ·constant. Thus in all experiments involving counting of 
Ca 47 and So 47, three different settings for each isotope were 
.counted. The highest figure of the three readings was taken to be 
the correct figure. 
These settings are as follows :-
(i) for calcium 47 ••• PF~ 27v, 28v, ·29v and 
and 
(ii) for scandium ••• PHA 17v, l&r and 19v. 
34v.(It was found 
necessary to have 
four readings for 
calcium, since it 
varied more than 
the scandium.) 
0 
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Method of kill in"' and extractino· the activit from snails 
Method 1 
The snail was removed from the isotope solution with plastic 
forceps, and drained on filter paper. It was then placed in a 
measured amount of acetone, which was enough to cover the snail -
normally 2:,ml. - in a test-tube for 2 minut'es,. and then the snail 
was v~shed \tith distilled water. 
This method proved unsatisfactory for two reasons :-
(i) the acetone caused ~e snail to produce excessive mucus which 
hindered dissection into shell and body, and 
(ii) the acetone and the distilled water removed a significant 
amount of activity from the snail (more than 5%). 
Method 2 
The snail.was removed from the isotope solution ~Qth plastic 
forceps, shaken, drained on the walls of the glass vessel and placed 
in a test-tube containing a measured amount of the isotope solution -
(usually 2 ml) that it had been in, and placed in a warm water bath for 
a few seconds. The snail '.tvas removed from the test-tube very quickly, 
drained and placed in a weighed crucible ready for extraction. It 
was weighed before and after it was killed (fresh weight) and the 
difference which v~s constant, was the amount of fluid present in the 
mantle cavity, the activity of which was negligible. 
The slight warming caused the snail's collar muscle to relax, thus 
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facilitating easy and rapid removal of the body from the shell. 
The snail was killed, weighed in a crucible to obtain the fresh 
weight (~1) and placed in a hot-air oven at 100°C for 50 minutes. 
It w·as then weighed after cooling in a dessicator to give the 
dry weight (DW). 
The crucible was heated with its cover on, to dull redness. 
1ml of concentra-ted HCl was added to the cooled crucible, which was 
re-heated until nearly all the acid had evaporated. The crucible 
and cover were allowed to cool, and 10ml of distilled water was 
pipetted o:n,to the incinerated snail. The acidic solution was allowed 
to stand for 50 mins. before being made· up to 50ml in a graduated 
flask with distilled water. 10ml of this solution was pipetted into 
a M6 tube and counted on the_ liquid~ -counter, and the count multiplied 
by 5, then corrected for background and decay. 
The activity of the shell and body were extracted in the same way. 
The initial count on the M6 tube of a 89 Sr and 90 Sr solution 
is a- Yttrium-Strontium count, and it is necessary to keep the 10ml 
sample in a polythene tube with ftrew ca~cm, acidified with lihl. 
concentrated HCl to prevent adsorption by the tube, for 5 weeks. During 
the period of' 5 ,.,eeks, any yttirum 90 ( half-life 64.2 hours) would 
have decayed to less. than 1~&. At the end of 5 weeks, the 90 Y will 
be in radioactive equilibrium with the 90 Sr. This count is proportionaJ 
to the strontium present in the solution.(Overman & Clark, 1960). At thE 
end of 5 weeks, the 10ml sample is counted, the count multiplied by 
i:t/10, then corrected for background and decay. (See pages .2.oq-JoqG ). 
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Method of extraction_of b -activity from plant material 
\ 
The plantma~rial was drained, blotted lightly on Green's filter 
paper No.796, before being weighed. It was then treated as for the 
snail. 
Method used to extract -activity from the radula of fed Limnaea 
pereger 
Six snails were placed in 250ml of distilled water containing 
66 ppm Ca:+±, after feeding on lettuce for 4 days. The calcium solution 
contained 90 S :r. 
The faeces were collected by filtration through glass wool 
contained in a Gooch crucible which was attached to a filter pump. 
The faeces were then dissolved in 5ml 2N NaOH solution and heated 
in a covered crucible. This liquor was transferred to a graduated 
centrifuge tube and centrifuged for 1 hour. 'l'he supernatant fluid 
was counted for activity, and the residue was looked at under a 
binocular microscope_,: for the radula. The radulas were dissolved 
in aqua regia - 3ml of' concentrated HN03 b-eing added first, then 
concentrated HCl drop by drop, the mixture being heated after ever,y 
drop. The acidic solution ~as centrifuged again and placed under 
a binocular microscope to see if any of the radula~ observed 
previously were still there. The sol uti on was made up- to· lOml with 
distilled water and counted in a M6 tube. 
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Since the activity expected'v;as small, the lOml sample was 
counted for 1 hour. There was no significant difference between the 
background and the count. ·This proves that defaeceation of worn 
radulae does not contribute a part in the elimination.of the isotope. 
It also implies that the radulae aTe very little, if any, calcified, but 
are made of chi tin and or other protein. (Runham 1962a; 1963b'; 1963c.) 
Method of killing and extracting_ the activity of (-isotopes from the 
snail 
'l'he snails were removed from the glass vessels with plastic 
forceps, drained on the walls prior to being weighed (F'W) and counted 
whole. The snails were placed in weighed crucibles and dried at l00°C 
for 30 mins. in a hot air oven. The crucible with cover on, was 
allowed to cool in a desiccator before being weighed (DW). The 
· crucible and cover were placed in a muffle furnace at 550°C for 30 
mins~ after which, they were removed from the furnace, allowed to cool 
in a desiccator, and 5ml concentrated HCl added with 1 ml of distilled 
water. The acidic digested solution was allowed to extract activity 
from the walls of the crucible, by leaving it for 30 mins. before 
pipetting 5 ml into' a polystyrene pot with pdlythene cover on,to count 
on the Nai crystal in the scintillation unit. The count rate was 
corrected by multiplying by 6/5, and then for background and decay. 
The scaler could not differentiate between the density of con-
centrated HCl and d!is.tilled water, so 5 ml of cone HCl was used·, 
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which necessitated only one extraction from the crucible; other-
wise, with lml of con.c HCl and 4ml of distilled water, it took 2 or 
even 3 extractions to extract all the activity from the crucible 
walls. 
The dissection of the snails into the required portions was 
performed in the pot which contained the snail. The shell was 
transferred to another weighed pot. Thus the body pot would contain 
all the body fluids. The pots were tested for activity by acid 
extraction every time they were used, to see if any activity had 
become adsorbed onto the walls of the pot. If so, this activity 
was added to the activity of the crucible to give a corrected count. 
Method of extraction of lants 
The small amount of plant material used in the sampling process 
did not .necessitate incineration. The plant rna terial was drained: & then 
lightly blotted with filter paper, and weighed before being counted 
in a pot (see Figure 26). Then 5ml of cone HCl was pipetted onto 
the plant material, and allowed to extract activity for 30 minutes, 
before being counted. The acid completely digests the plant 
material used, and therefore does not affect the geometry of 
counting. The count was corrected for background and decay. . The 
filter paper was counted to see if there was any residual activity 
on it. If this vms·significant, it was added to the extracted 
amount. 
Fi gure 26. 
cover to pot, to stop 
evapor a t i on 
pl ant mater i al pushed to 
the bott om of t he pot, 
with pl astic for ceps 
Diagram to show t he posi t i on of t he pl ant mater i al in 
t he pot, when it i s counted solid. Normally doe s not 
exceed 2 mm high. 
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Method of stugying the initial ~take of isotope by snails 
Method 1 
The preliminary experiments presented two problems :-
(i) a special tube had to be designed to keep the snails in 
the same position in the tube while counting, and (ii) a method 
of aeration or means of continuous flow was nec.essary to accelerate 
uptake by the snail. 
A flat bottomed tub.e was placed through the opening in the lid 
of the castle (Figure 27). '!'he background on the tube \vas 
determined, 5ml of 85 Sr solution was added to the tube and counted. 
A snail was then introduced into the isotope solution aBd counted 
continuously for 6 hours to determine the initial uptake by the 
snail. 
· It. v;as observed that after the snail had be'en introduced into 
the tube, with foot or operculum (Limnaea and Bitbynia species 
respectively) pointing downwards at the bottom of the tube, that the 
count rate dropped. The snai 1 was uncontamina t"ed and was initially 
'dead' space displacing the isotope solution as shown in Figure aB. 
The count rate rises when the isotope is being absorbed by the sr~il. 
Bitbynia species were content to remain in the same position for 
the duration of the experiment, 'Nhile Limnaea species moved about 
the tube, thus upsetting the geometry of the counter, and therefore 
giving a varying count rate. 
r.rhe uptake by Bi thynia Species in the first 6 hours was 
- jO -
screw removed, placed 
centrally on Nai ccy:r~c.l 
Figure. 27 • 
Dias ram to sho;v the position of the tube in the castle . 
L 5ml _ ... 
250 392 
250 mark ."i92 
2~)0 .592 
250 spi re: oi' 200 / ';J_ 
2:50 r-{. y~L_ 75 250 shell. foo{~ 50 
Fi[;urc 28. 
Dia~rarns to illustrate the displacement of the isotope 
solution, vrhen a snai l is placed i n the tube. 
- :""" J'oo··- 1-:-.::.-.::.:;d.~ ~~--~ I 
L£,. . _.-~. J oent r et::.l;:r in / 'U ,, ) ~;ot & ·c;ube >·-- .. ) . ~ -
I~j_ t;uro 29. 
Diaerams t o show the relationsnips between the tube and pot . 
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negligible, so a pipette \Vas used to aerate the liquid.· This 
ensured mixing of the isotope and accelerated the upteJ::.e by the 
snail. 
The snails wer·e also counted iri. lOml polystyrene ·pots 
previously used in other ex;9eriments (page 52) ¥lith 5 ml of 
isotope solution and snail in, so that a comparison between 
two sets of experiments could be compared. The different sized 
pots presented different ;·emnetry C~r1:ans-ements to the counter and 
the coun·ii rate was affected. (~~i:.,UI·e 21). 
'l1his static method proved unsatisfact.ol~ as a n1eans of 
studyil'l_,z the initial upts.ke of isotopes by snails. 
Method 2 
.A.s a result of the problems mentioned in !uethod l, the 
following method was adopted. 
(a) Construction of the tube. The tube was desicned by 
the author as shown in Fir::,ure 30, and supplied by J .H. 1la.rtin, Esq., 
Scientific Services, Saughall Road, Chester. The inlet tube was 
splayed to accorrm10da te the spire of the shell and after 
sa tisfacto·ry trials, "three tubes 'i'rere designed with varying lengths 
of inlet tube inside the tube to accommodate different shell 
lengths (S.L) of the different e:nails used in the experiments. 
(b) The apparatus used is shovm in Figure 31. 'l'he '!ioullfe's 
bottle had a capacity of 1 litre and flow through the polythene 
tubing was started ·with a puff-ball. A screv; clip was used to 
- n 
- _)v -
1~---------------------------- Entr# or inlet 
tube. 
k-------------------------- angle on out let 
I 
I ~~----------------
1 ~ h ~-8 
-=---- , 
tube to clear 
castle lid. 
cone & socket 
joint, ground 
glass. 
outlet tube , 
level det ermined to 
take off mor e t han 
5 ml liquid. 
/\~, ' ~I ----------inlet tube splayed to 
( .\ _
1 
accommod.a. te spire of shell. 
\ - -
.
v \ snail. 
r ! -
.· -
li'ie;ure. 50. 
SFBCH.L TU.JE DESI GN3 D BY T::-e 1~\.T.i'!IOR ( Pyrex glass). 
F ICtURE. 31 . 
PH oToc, RA PH S H o '-'1 ,.._. C, '\ E.. 1Ho))2. , U SE D IN 
tJ PTA ~E._ 5'( 5 NA_ 11-.'5 
INITIA L 
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regulate the flow, to·about lOOml per 30 mins. The backgrounq was 
counted with the empty tube in the castle. The initial run was 
without a snail, so that the isotope was adsorbed ·onto the wa~ls 
.of the glass and polythene apparatus. It took two runs of 
isotope solution for the apparatus to become adsorbed with 
isotope. 
started. 
The snail was introduced into the tube, and the ;;.f,i.ow 
Continuous counting of the run was recorded. lOml 
samples of the solution were taken from the beaker, for calcium 
d:eterminations with E.D.T.A., at the beginning and end of a run. 
The same liquid was used oYer again and it was observed tb.at 
there was an increase in the calcium ion concentration throughout 
the experiment, probably due to leaching from the snail. 
The snail was counted (a.) d.rained and (b) in 5ml of the 
isotope solution in a polystyrene pot, for direct comparison with 
previous experiments, (see page ~2 for calculation). 
A run through of the liquid., minus snail,- was performed at the 
end of the experiment to ensure that the count rate on the liquid 
had not significantly altered. 
The activity of the snail was extracted as on pages 52-53 .. 
The disadvantages of this method are (i) that the l litre of 
isotope solution only lasts for 4-5 hours, and when the solution 
is being poured back into the Woulffe's bottle, there is a time 
lag, which is evident on the plotted graph of corrected cpm against 
time, (Figure 32), and (ii) with using the same solution over 
corrected 
cpm 
- hl -
in·~:·ociucc .. , 
here 
I 
1 [-----.,~-
C.~ .. UT h ~;o illt;.;; --~J.'v. tc 
i.fe·c:-:ocl ~. 
./\ 
-- -~ Cn 
, 
~~ ·~c:0 _-.:..ike )heno::.cnon o""o-tc..:.~'"!cd. uz:. ng 
--
- -- -
~. -----7~-
--
,.., -:-+ 
•J2. 
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·and over again, the calcium level in the solution increases with 
time, thus one cannot plot corrected cpm against time, since the 
calcium concentration varies. 
Method 3 
Here, 2 litres of isotope solution were wsde up and 250ml 
were used for each run through the apparatus used in Method 2. 
In this experiment, new amounts of isotope solution were used and 
not the same solution over and over again. The advantage was that 
the calcium concentration was constant, that is, the amoun.t of 
leaching from the snail was constant over a definite period of time. 
A series of experiments with Limnaea uereger were performed at 0, 
++ .· ....... 6ppm, 66ppm and 350 ppm Ca concentrations. Results were 
expressed as corrected cpm (or AF) against time, and also AF against 
calcium ion concentrations. 
Method 4 
The only way to correct the time lag phenomenon was by inserting 
a perista~ic pump into _the circuit, and leaving out the beaker. 
Results from this method gave a more even graph of corrected cpm 
against time than Method 3, (Figure 33). 
The disadvantage of this met:hod with snails was that it did not 
ensure a constant calcium level, since the same solution w·as 
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circulating over the snail a large number of times, a.nd 
therefore leaching of calcium from the snail caused an increase 
vvi th time. 
This method has proved successful with smalle:r:· organisms 
which do not have a. large concentration of calcium salts which 
are available fo:r:· ion-exchange in their bodies, e.g., the 
uptake o:f 137 Ba by the moss Fontinalis. (Pickering 1964). 
All the experiments on continuous flow were with unfed 
snails. 
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Experiments in a Humid Atmosphere as an alternative to an 
aquatic enviro~~ent 
Preliminar-y method. (Method 1) 
The .aim of these experiments was to see whether the isotope 
is transferred from the body to thG shell, and at the same time 
to provide evidence on survival under these humid conditions. 
The first set of experiments 'Nere with unfed Limnaea 
auricularia and Limnaea star-1nalis, in a humid (saturated aqueous) 
atmosphere in a thermostatic bath e,"t 18°C, after being injected with 
85 Sr solution into the highly muscular foot. Since only a small 
volume of the isotope solution could be injected, then the 
solution must have a high activity. A 50 ul Hamilton 
microsyringe was used to inject O.Olml of 85 Sr solution into the 
foot. (Figures 34 and 35). 
The snails- were moving after 3 days in the conical flasks. 
The snails were weighed (fresh weight), counted whole, dissected 
into shell and body, and the activity extracted as on page'>.' 52-53 
'l;he conical flasks were washed out vJi th acid and counted to see 
whether any activity had passed :from the snail to the glass when the 
snail had moved about the flask. 
Method 2 
Three sets of experiments were set up as a result of Method 1, 
F" IC. U R E. 34-
f'Ho T oc, RA. PH S\-\o\N 1N~ .APP"'R"' -u.s FoR. E?<P E R 1 1"'\~~ TS rN 
A. H U M I D A. T f'1 0 S P H E R_E. . 
water 
gl ass 
cover 
,- ,-
- .) 
snail 
lettuce 
FI G 'l.Jilli 3 5 • 
Air supply from 
Fy-l<'lo diffuser pump 
I 
j 
·;:ater 
Plan of' the therr.1o s tc/c.::l..c. ·.)c.tr.~, ::1::1d arr c.nge:.n.ent: o!"" apparatus 
f or h~~idity experiment 8 Dentioned on pa~e 6~ 
See photogEaph on pace 65 
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vri th the object of comparing movement of isotope fr·orr. (a) body 
to shell ¥.d. th (b) food to shell. 
(i) Injection of 85 Sr and 47 Ca solutions into the foot of 
Limnaea auricularia. 
There was considerable difficulty in injecting isotope into 
the foot or body of Bi.!E;[nia and V~vipe.ru~, since they possessed 
hard opercula which closed when stimulated by the syringe. 
47 Ca was used to see. whether it followed the sam~.· path 
as 85 Sr. 
(ii) Injection of 85 Sr into the vascular bundles of lettuce. 
(iii)Ingestion from the contaminated lettuce by the snails. 
r.rhe isotope was injected into the mid vein (vascular 
"bundles), since if the isoto1)e had been placed on the surface of 
the lettuce, then uptE...k.e could. have taken place via th0 foot, body 
O:L' shell (by contact) as well as the alimenta1·y canal. 
In addition to counting the snail, any pieces of uneaten 
lettuce were weighed, counted y;:hole and. the activity extracted 
as_ on pages 52-53. 
Results. 
The results of these injection experiments cannot be expressed 
as A.F's. since ther·e was no sur1·ounding liquid. The results were 
expressed as either corrected qm or correct cpm/fresh weight in 
grams against time. Eo refer·ence to the external calcium 
concentration could be made, as there was no surrounding lig_uid 
habitat. 
- 6.8 
E:xpre:psion of the results 
1. Statistical corrections 
Counter corr.actions e.g., calculation of overall standard 
deviation. 
Backa-round (BG) 70 counts in 10 minutes 
Sa.mple + Background 300 counts in 10 minutes 
:SG = 7 + Ro 7 0.84 (T l). = + cpm 
-
Sample + BG =39 .+ /30 = 30 + l. 73 Cplll ( v 2) 
-10 
Sample = 23.+ ;~ + 30 23 + 1.9 cpm (v- 3) 
10 10 
========== 
One can improve precision, by extending measurements, or 
one can calculate the numbor- of counts to requizite precision. 
In radioactivity, ·if the count i:::; lo·,,, then one must count for a 
long period of time to. obtain 2. significant cou11t. (Holman 
1962 : Youden 1957). 
;;:E;;;x;.on;.:;r;..;e:::..;s;:;.· s=i.:;o.~n~o;.:;f::...-:r:::..;e=su=l..;:t..;s::...-:f;..;· o;..:r:..~1 -isotopes 
rl1he results from all ~he methods used on pager:: 49-53 were 
expressed as Accumulation Facit6rs (A. F) and these '."fOl'e ·plottGd 
a~;ainst time or o..:ainst calcium ion corJCentra ticm of the surrounding 
solution at the time of breakdo-,n1 of the sn<:ul or plant. 
.:\ .• F. 
_9Pm of the sne.il or pla:at x ----::---~--;;1..;:0'-------::-~-----:-· 
i7·3ight of the snaj_l or plant cpm of the surroundin:?; medium 
To distinguish between Fre::;h ·.-:ei3ht and Dry ·::eight determinc.tions, 
the A.F's are expressed as A.F (F.U) or A.F (D.~) respectively. 
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Expression of result's for ~ -isotopes 
In ~-·counting the material is in a liquid form, since "the 
act-ivity of the organism cannot be counted a number of successive 
times. 
In K- coilnting the same organism can be counted a number of 
successive times. 'l'hus the solid count on the whole or d.issected 
snail must have a correction applied to it, so that it is comparable 
with the liquid couu1t obtained on acid extraction. This 
correction is due to the different geometry which a solid object 
presents to the Nai crystal, compared with a liquid sample. 
Therefore, the count rate of solid to liquid is determined for the 
snail or the plant in the 85 Sr and 47 Ca experiments. 
Geometry Factor 'f' = count 
count 
A.F = cpm of the snail or plant 
weight of the srail or plant 
~CJ2ffi~ on the solid 
(cpm) on the solid "dissolved in 
X 
the liquid. 
X 1 f 1 
----~~--------~~~~~~ cpm of the surrounding liquid 
5 
The geometrical factors ('f') for Limnaea pereger, are listed in 
Figure 36, and 2 plots of (i) Shell length (SL) against 'f' in 
Figure 37, and (ii) log SL against 'f' in Figure 38. It can be 
seen that there is an exponential relationship between these two 
factors. 
20 
SL 
mm 
10 
Name of snail SL mm 'f' 
Limnaea per eger 14 0.78 
II II 14 0 . 75 
II n 11-12 0 . 81 
II II 10-11 0. 85 
II II 8- 9 1. 50 
II II 7-8 1. 41 
tf 11 6-7 1. 44 
•i ~ure 56 . 
Table of ~eometrical fac tors for 85 Sr , 
and hell Lengt h (SL) , for L. pereger. 
The Geometrical Factor (f) -is mentioned 
on page 69 . 
0 ~----------.----------.--------~ 
0 0 . 5 1.0 1.5 
' f ' 
Fi gure 57. 
Plot of Shell Length (SL) in mm against 'f'. 
2.0 
·log 
SL mm. 
1.0 
0 
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0 0 .• 5 1.0 1.5 
If'' 
Figure 38. 
Plot: log Shell Length-(SL) in:mm against 
'f'' (Semi-log plot). 
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Calculation of snail and liquid counts used in Continuous flow 
experiments using 85 Sr (page57 ) 
Tube Count on liquid and snail 5074 cpm 
Count on liquid = 2799 cpm 
= 3275 cpm 
Pot Count on liquid and snail = 6374 cpm 
Count on liquid = 3671.4 cpm 
Count on snail = 2702.6 cpm 
Ratios or Conversion factors 
Snail + liquid = 63H_ __ 1. 2563 5074 - Liquid =3 6;;...1,1.;;;.1 ;.....:• 4~ 
Snail = 2702.6 
.3275 
Corrected values 
= 0.8252 (Limnaea pereger) 
(i) Correct~d value for snail 1275 x 0.8252 1148 •2 cpm/g 2. 3537 
2799 
(ii) Corrected value for liquid = 2799 x 1.3116 x l/5 = 3671.~7/5 = 
734.23 cpm/ml. 
Note: Figures corrected for background and decay. 
Accumulation Factors 
A.F. = corrected cpm of snail 
weight of snail X corrected cpm of liquid 
= 1.3116 
.A. F. = 
- 73 -
1148.5/734.23 = 1.5638 ++ @ 2.5 ppm Ca 
In this case, a correction has been made for both the snail 
and the liquid, since one is comparing 2 different geometrical 
shapes, that is, the pot and the tube. 
Expression of the results. 
(i) 
(ii) 
(iii) 
(iv) 
These results were expressed as :-
corrected cpm against time (® constant calcium 
concentrations). 
corrected cpm against time (® varying calcium 
concentrations). 
A.F against time (®constant calcium concentrations). 
A.F against calcium concentrations. 
These results are extremely important since they show the 
uptake of isotope by tna snail in the first hours. 
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EXPERDilil:NT.AL WORK 
AND 
RESULTS 
-75-
Introduction 
The aim of the experimental work was to study the influence 
.of calcit~ in the surrounding medium on the uptake of 89 Sr, 
90 Sr, 85 Sr, and 47 Ca by species of molluscs listed on page ~ • 
The scheme of analysis is expressed diagrammatically below:-
Wh 0 1 e s n a i 1 S h e 1 1/B 0 d y Eggs Shells 
' 
U n f e d F e d u n f e d F e d 
851147 
89/ 
Sr 89 90. 85 .. 47 85 9C 85 47 89 90 85 47 89 90 85 90 I 
~I . •. Limnaea I 5a I '2..0/ pereger 1 i 3 4 5;1D 7 6 18 
-I I 1. I 
trunca tu1.i: 8. I 1 I I 
L.aur.;i- 10 10 I 9 I 
cularia 11 9 11 19 19 19 
' 
L.stag- I /21 nalis 17 
- --~--·- - -
Bithynia 13 
tenta-
culata 12 ~ 15 14' 15 
. 
---- I I Vi viparu:: · viviparu~ 17 I 
-
Figure 39 
Table showing the number of experiments performed. The number in 
the table is the number of the Experiment. 
Notes: * uptruce in the dark; 5 a- the food source is lettuce; 
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Experiment 1 
The uptake of 89 Sr by unfed Limnaea pereger (whole snail) 
TP,e up·take of 89 Sr by L. pereger under calcium concentrations 
from 0-90 ppm Ca++, was studied for 35 days under non-aerated 
conditions as sho-vm in Figure 1':b. 'l'he snails were unfed for the 
·duration of the experiment. 
The average fresh weight of the snails vJas 0.108-0 g and their 
length was 2-3 mm.- The snails were from an aquarium containing 
breeding L. pereger and the calcium concentration at the time of 
1 . 50 c ++ samp 1ng was ppm a • 
The uptake of 89 Sr was plotted as :-
(i) Accumulation Factor (fresh weight) against time, for 
certain calci urn ranges, as sho11m in Figure 40, and the 
results in Figure 41. 
It can be seen that the uptake of isotope is greater at low 
calcium levels in the medium and that the ~-~i.M. co.~{~tJ< see 
page 77__) a.H! always greater than 89 Sr. Equilibrium is reached 
. ++ 
sooner at high calcium 1·evels, i.e. 7 days at 66-75 ppm Ca . 
++ 
compared with 14 days at 8-12 ppm Ca .• · The graph also shows that 
above 66-75 ppm Ca ++, further additions of calcium. would not 
markedly affect the equilibrium level. 
If, as their shape suggest~.~ these curv:es are exponential 
growth curves, (Rosenthal, 1957, 1960) then 
5 times the exponential half life, i.e. :IEt/5 
Et is approximately 
tl. which is 97% acc~te., 
2 
, I 
A. F.(F . ) 
r""' 
100 
14 21. 
' 
i n da: s· 1 ·-
--;.-;---"--+-----+---'- -+r--· +-1- Figure 4-o .- ~~-.;..-.....~.:...........;:-: 
A. F( F. 7) a~ainst Time ,in days r 
1 • 
(a) 8- 12 p m Ca++ , (b ) 118 - 22 _p Ca++, (c) 6- 75 p Ca++ , 
I I f l I I ' 
' I 
(a) 
(b) 
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(Nelson 1963).. These relationships are summarised in ~he 
following 'equation (Dawes 1956) :-
A.F k. tJ_ 
2 
-o. 693 
where k = the rate of uptake and t, is the half life of the process_. 
·:a 
AF/Et is proportional to the rate of uptake, and from Figure 41, is 
higher at low calcium levels. Et or Et/5 is smalle~ at higher 
calcium levels, which means that the rate of release, ·af qalci"Uin: i-S'· 
++ A.F(FW) at Time taken to reach I Et/5 Ca ppm Equilibri urn Eq_ui li bri urn 1i' (in days) •"t 
-
8 - 12 Y-Sr 340 14 2.8 
89 Sr 110 ltl 2.8 
.. ~ ~-
18 -22 Y-Sr 78 14 2.8 
89 Sr 40 14 2.8 . 
---~--"· 
66- 75 Y-Sr 15 7 1.4 
' ~ 89 Sr 9 7 l-.4 
Figure 41 
Table .of results obtained from Figure 40, which shows the 
relationship between A.F(FW) and Equilibrium time, Et. 
Y- S..., _o.,-e, A . F::S ba.sd on if\ i+ia...\ co wn-ts . 
8~ S.t- o...•e.. A .r·s bo..st.O.. M t~-..ee.. ~.Ve.~K. co~A..r\.ts. 
A.F(FW)/E~ 
24.2 
7.8 
5·5 
2.8 
2.15 
1.28 
- --
400 
300 
A.F 
(F.W) 
200 
100 
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0 20 40 60 80 
Ca++ ppm 
Figure. -42 
• 
Plot: A.F.(F.W) asainst calcium concentra-t io -• 
Upt ake of Y - Sr · ( +) and 89 Sr ( A ) oy Li~ 
~ereger, from 14 days to 5 weeks , at calci~ ~a ge s 
mentioned in Figure 40 • Rea.d i n .,. s are t he r.ean 
•, 
of 1,0. 
4. 
3. 
log 
A.F(FW) 
2. 
1. 
-8 0-
ffi uy~after 7 days •••••••• Y- Sr lin;ho.l ~MJ). 
t ur~1Lir days to 35 days ••• Y- Sr (1 r1Li tid to~. 
l\f~~after 7 days •••• 89 Sr (.3wee;K... cotAM-t) . 
. ~ ,~~<~14 to 35 days ••• 89 Sr . (3 w~e k. co wJ:: ) . 
$ I 
- - --t-Efr-~ Y- _-.. :.· 
6. b. 
~ 89 ::>:!' 
A. 
0 ~~~----~--~--~4---------~------~ 
0 60 8 
++ Ca ppm 
Figure 43 
Plot: log A.F (F.W) against calcium . concentration. 
' Uptruce of 89 Sr by L~mnaea pereger: 
Readincs are t he mean of 10. 
I 
' I 
I 
log 
A. F(FVl) 
-S 1-
0 0.5 1.0 1.5 
++ log Ca ppm 
2. 0 
Plot: log A. F(F\7) against log ca-lcium co"ncentration. 
The uptake of 89 Sr by Limnaea pereger at 21 days. 
Readings are t he mean of 10 • 
+ is Y- Sr and 6. is 89 Sr . 
1- 5-t- c.~ 1\ .F'A- W eel GVV 1--rvdl <.A., l c..N u.wk, 
~9$--..-. ~ 1\ . .f·a__ b~ D-11\./ 6 ~ c..-owJ-s 
"\ 
' 
'I 
2.5 
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(ii) A plot of A.F(~v) against calcium concentrati~n at 21 days is 
plotted i"n Figure 42. At this time all the A.F(FW) at the different 
calcium levels will have attained equilibrium. The uptake is· greater 
++ at low calcium levels, particularly below 20 ppm Ca , than_ at 
higher calcium levels. A.F' s based on initial counts are higher 
than A.J!'' s based. on the three week count ( 89 Sr) at all calchun 
levels. 
(iii) A semi-log plot of A.F(FW) a'gainst calcium concentration was 
plotted in Figure; 45 • It can be shovm that 2 lines may be drawn through 
the points, suggesting two processes of uptake. The lines change their 
slope at different calcium levels, clependent on the time. The slope 
changes at 26 ppm Ca ++for 89 Sr at 7 days, to 40 ppm Ca.++ at 14-3"5 
days. 
(iv) A log plot of A.F(:I!"i""T) against calcium concentration was plotted 
in Figure 44. From the expression, 
1 og A.F(F"W) ++ = a. - b log Ca ppm, 
isotope 
vrhere 'a' is the log A.F{Flil) at calcium value of 1 and 'b' is t!'l.e 
slope; then the following express-ions are obtained from 
Figure 44. 
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log A.F(FW) = 1.29 1.0 log c ++ a ppm (below 22.4 ppm) 
89 Sr 
" ++ 1.8 0.4 log Lia ppm (above 22.4 ppm) 
++ It can be observed that the slope changes at 22.4 ppm Ca • A 
slope of -1.0 means that the rate of release is proportional to 
the total uptake at any time. This seems to be true for calcium 
(see experiment 10 page 142 ) , and a slope of the same order in 
strontium, implies that the strontium follows the same path as 
calcium, i.e. at the same rate. A slope of -0~4 indicates that 
the strontium is not following the calcium, i.e.· a lower rate, and 
conversely a slope greater than -1.0 means that the strontium goes: 
through the membrane more easily than the calcium, i.e. at a 
higher rate. 
This experiment proves that the uptake of strontiwn 89 is 
calcium dependent below 22.4 ppm Ca++ in the medium, and not 
solely dependent above this level. 
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Exper~m~pt ;?__ 
The uptake of 90 Sr by Lim!!_~~.?.-... .P.~£.~~ was studied in un:fed 
. ++ snails in calcium concentrations varying from 0-80 ppm Ca , over 
a period of 21 days, and under the same conditions as with 89 Sr 
i.e. non-aeration. The snails were collected from the 
Shropshire Union Canal, Chester and the calcium concentration at 
++ the time of sampling was· -40.52 ppm Ca 
of the snails was 0.3658 g. 
The upt~~e of 90 Sr was plotted as:-
The mean fresh weight 
(i) log A.F(FW") against log calcium concentration, in Figure 45. 
Expressions from the graph in Figure 45 are on page 86. 
log 
3. 
- - -I 0 - _}_ 
Sr • Uptn e :.;;ft0r 7 d::.. s } 
90 Sr 
p"'-o.k a f ter- 14- days 
0 Uptake afte r- 21 days 
0 Upt ake a:f'te 7 da 
0 Uptake afte:. L 
U take after 21 d 
. l __ 
__,_! 
.I 
0 -r--------.---------.-----~--~~----~--------~ 
0 0.5 
I 
1..0 1 . 5 
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1.78 - 0.4 log ++ Ca ppm (at all calcium 
levels at 7 days). 
1. 78 - 0.4 log ++ (above 21 Ca ppm ppm 
'"' ++ Lia at 14 days). 
1.0 - 0.85 log ,., ++ va PPQl (below 21 ppm 
Ca++ at 14 days). 
++ ( 1.78 - 0.4 log Ca ppm above 38.9 ppm 
Ca++ at 21 days). 
1.0 - 0.85 log Ca++ ppm (below 38.9 ppm 
Ca++ at 21 days). 
The rate of' uptake above 21 ppm Ca++ is similar to that 
obtained for 89 Sr on pag~s:;82. smd 85 • The results below 
this figure show a lo~~r slope than that obtained ~nth 89 Sr. 
(ii) A plot of slope against time in days., is plotted in Figure 
46 for 90 Sr figures. This suggests that Equilibrium is attained 
after 14 days in the isotope at low calcium levels, and at 7 days . 
for calcium levels above 38.9 ppm c9-++. 
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Tilx-oeriment 3 
The effect of aeration on the uptake of 90 Sr by unfed Limnaea 
~reger (whole snails) 
.Aeration v.ras supplied by means of a Hy-Flo diffuser pump 
and the set up sho-vVn in Figure la. 
The uptake of 90 ·sr by the snails i:!:1. an aerated envirorunemt 
is plotted in Figure 47, as .A.F(F.W) against certain calcium ranges 
++ from 0-90 ppm Ca • The me.:.:,.n fresh v.;eight of the snails was 
0.2564 g. 
'I1he results from Figure 47, are tabulated in Figure 48, and a 
comparison betweln aerated and non-aerated conditions are tabulated 
in Figure 49. 
By plotting A.JF (F.W)/Et' i.e. rate of uptakeJagainst calcium 
concentration in Figure 50, it can be seen that aeration does not 
significantly affect the uptake of 90 Sr by Limnaea pereger. 
It "vas noted that the pH did not va.ry appreciably during the 
time of aeration, i.e. from pH 6.5 to 6.8, over 21 days. 
A. F 
-- (F .w) '--
l 
f 
l 
I 
I 
I 
Plot : A. F (F'. W) a ""ainst Time ( in days~ . 
' 
Upta e of 90 Sr by L;mnaea pe_ege~ under aerated conditio~1s 
supplied by means of a HY-Flo pump, a t calcium ranGe s of 
(a ) 7-14 ppm Ca++, (b ) 35- 54 ppm Ca++ and (c) 60- 75 ppn ~~ ++ 
. ' 
::Each-"readin8 being t he mean of five. 
1-1-+ 
t . ~ 
I T 
.-
.• 
-90i-
.,. 
++ A.F at E AF/. Ca Range Equilibrium t E t 
·7 - 14 104 14 7.4 
.· , 
35 - 54 18 10 1.8 
60 - 75 10 7 1.5 
Figure 48 
Table of results obtained from Figure 47, page 89. 
A e r a t e d N o n-A e r a t e d 
++ ¥;an of AF/ Ca++ Range M;~n of AF/ Ca Range Ca Range Et Ca Range Et 
.. 
7 - 14 11 7-4 8 - 12 10 7.8 
35 - 54 45 1.8 18 - 22 20 2.8 
.60 - 75. 68 1.5 66 - 75 70 1.3 
Figure 49. 
Comparison of results obtained ·with and without aeration. 
I I . . ~ ·:-r l •. I I I - 9 - 1~ -+ 
-
I 
f 
I 
l. 
1: tot o 
Date. fr F" u e 49 ,p .e ~ 
, ( e p ~ lb Jw ~~ tort 
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·Experiment 4.:··" . 
-.. 
The uptake of 85 Sr by un:;'ed Limnaea pereger ( vv'~ole SJ:]-ail) 
A method of continuous flov; was employed over 3 days. 
Since no I'\3-Circulation of solution was employed, the calcium 
level in the medium remained constant throughout the experiment. 
In those experiments that lasted more than 3 days, the 
continuous flow method was not employed, but the aerated solution 
was changed frequently, so that the calcium level in the medium 
remained·the same. 
Calcium concentrations varied from6o~650 ppm Ce.++, and the 
experiment was over 35 days. The snails were counted at intenrals 
of time ·as sho"V'm in Figure 51, v':hich is the plot of A. F(FW) against 
Time in days, at constant calciwn levels in the medium. 
Equilibrium can be seen to vary with the different calcium 
levels, and the r·esul ts are tabula ted in Figure $2. These 
snails were not fed throughout this experiment, and the mean fresh 
weight was 0.1976 g. 
The uptake of 8 5 Sr seems to be linear ·with time, which 
indicates the continued formation or e:-::change of mineral component 
of the snail (shell) 1Ni th s.equestation of the isotope with the 
shell matrix. (Rosenth~i 1956). 
~~-L-1 ( ) 
J The uptake of 85 Sr by vrhole snails unfed of 
1 Limnaea p~~'l_e.E., over 35 days at consta nt ca lciun 
150 
l evels . The points up to .S day s are the nea.n of 
;1.0 snails, and afterwards they are the mean of 
5 snails. 
_ .. _ .. _ ·--
; 
, -
,...L ,. r 6 .3 p_n 
-- 100-
A.F (P • .T) 
--r--
-- 50 
- -1~--~-
;:,---:-"""""';=----+ + :=-, ---,-<?r-----=r...~-;;..._ _ 66 p _ m 
1 21 
TI .u.:. ( d.:1ys) 
i gure 51 
28 
I 
55 
Plot : A. F(F. W) against Time (in ays), a t c on ta ."G 
ca lcium l e ve l s c:-anc;L . fro r.1 · ~ c ++ o p pr. a ; . 9 
t+. ' .;. 66 ppm Ca T : 550 ppm CaT· and 650 pp · 
l_ ---
"' ,, + 
v~ 
.;.94-
Ca++ Equilibrium log Time in days E I AF/FW/ ppm AF(FW) .AF (FW ) of 3quilibrium Et t, 5 .. : :ru 
6.3 ~15 2.0607 14 2.8 8.21 
30.9 25 1.3979 11 2.2 2.27 
66. 14 1.1461 8 1.6 l. 75 
350 4 o. 6990 6 1.2 0.83 
650 0.9 1·9542 2 0.4 0.45 
----
Figure 52. 
Table of results obtained from Figure 51, page 95'. 
Uptake of 85 Sr by unfed Limnaea pereger under aerated conditions 
at constant calcium levels. 
The figures in Figure S2, 3re extremely similar to those 
obtained for 89 Sr on pagec78, and suggest that the rate of 
uptake is similar for 85 Sr. l'Teeson, 'Rvonbaqk & Roser (1963) 
found results obtained for 89 Sr and 85 Sr uptake by mice were in 
good agreement with one another. 
From Figure S2, it can be seen that Et/5 decreases with 
increasinti,· calcium concentrations in the medium, and that __ :J;l]t/5 
approximates A.F(FW)/Et above 30.9 ppni. Ca++. These relationships 
can be expressed as:-
appr·oxima tes A.F( FW)/Et 
"" 5 . .A. F( FW) • • • • • • • . Eqn,l. 
t 
or E t = 
-95._ 
•....•.. Eqn. 2 . · 
Thus, one can check the Eq_uilibrium Time if one determines the A.F 
$W) or·vice versa.. This relationship appears to hold true for 
A F(Fw) d t . d b 1 9 ~ ++ • 1 , e erm~ne a ave ..~o. ppm t;a • 
If one takes the value for l~.F(FW) at 6.3 ppm Ca++, as 115 
and substitute it in Eqn. 2, then 
.2£_. if Et = 14 days 
(Et)2 = 5. A.F(F.W) 
A.F(FW) = 14. 14 
5 
~.-..} 575 23.9 days 
in Eqn. 1 then, 
ill 
5 = 39.2 A.F(FW) 
These results do not agree with one another, and do not agree with 
the equations 1 & 2. This suggests that a different process of 
uptake occurs below.30.9 ppm Ca++. 
A semi-log plot of log A.F(FW) against Time (in days) 
in Figure 53, result:;; in a straight line. This would suggest that 
the time taken to reach equilibrium is proportional to th~7A.F(FW). 
.3. 
2 . 
l og 
A.F (F .W) 
1. 
0 
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0 10 20 
Ti me ( i n day s) 
Fi gure 53 
Pl ot: l og A. F (P.vl ) a gainst Time ( in days). Et . 
Uptru<e of 85 Sr by_Limnaea pere5er . 
Dat a obtained f r om Figure 52 page 94- • 
'' 
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Experiment 5(a) 
The uptake of 85 Sr by fed Limnaea pereger· (whole snails) 
Uptake by the food 
(i) The uptake of the lettuce used as food was first determined. 
Care vvas taken to avoid the mid-rib and similar pieces of lettuce 
v1ere used in. each experimental jar. It was found that it took 
7 days for the lettuce to equilibriate with the isotope solution 
under aerated conditions. The calcium concentrations varied from 
++ 0-240 ppm Ca • The mean fresh weight of the lettuce \V'd.S 0.2491 g. 
The uptake of 85 Sr aftE~r 7 days by lettuce is shown in Figure 
54::. and 56, that uptake is much less above 20 ppm Ca ++, than below 
this level. 
A log plot of A.F(F.W) against calcium concentrations is plotted 
The following expression can be obtained from the 
graph:· 
log AF (FW) 85 Sr = 2.7 - 1.05 log Ca++ ppm (+ 7 days). 
Uptake by the fed snail 
(ii) Snails were introduced into the experimental jars after the 
lettuce had equilibriated with the isotope solution, i.e. after 7 
days. The snails were sampled at 7 and 14 days after feeding. 
The mean fresh vveight of the snails was 0.0731 g. It v:~as noticed 
that after 7 days, that the surface layers of the lettuce was eaten. 
The uptake of 85 Sr by the feeding snails is shovm in Figure 
55. The uptake is considerably below 25 ppm ca++, but not so above 
100 
A. F 
(F. W) 
50 
0 50 100 
++ ppm Ca 
Figure 5? 
·. 
150 
Plot: A. F (F. W) aeainst cal ciun concen-'-re. tion~ 
200 
Uptake of' 85 Sr by Lettuce af'ter 7 days aere.t ' on . 
Each point r epresents t he mean of 10 pieces of ettuce • 
', I 
0 50 100 
. c ++ ppn a 
,.,i V.l~e 55 w 
150 200 
Plot: A. F (F . '.Y) acainst ca lcium concentr ation. 
The up-;;ake of 85 Sr by :r~imnaea pereger, feeding 
on lettuce , after 7 days ( +) and 14 days (o). 
Each readi ng is t he r"ean of 7. 
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this level. The snails ·were very active during their period of 
feeding, and their uptake of isotope increased as shown in Figure 
57. A plot of log A.F'(F. W) against calcium concentration for· 
the lettuce is plotted in Figure 56, and that for the feeding snails 
in Figure· 57. It can be seen that there are two lines in both 
the lettuce and snail semi-log plots, and that the calcium values 
++ 
at the change of slopes varies from 18 ppm Ca for the lettuce, 
to 23 ppm Ca++ for Limnaea at 7 days, and 35 ppm Ca++ at 14 days 
feeding. These calcium levels agree with the unfed snails in 
Experiment 2. 
A plot of ·log A.F(F.W) against log calcium concentrations is 
plotted in Figure 59, for Limnaea pereger. 
expressions are obtained from }.i'igure S4 , 
The following 
log A.F(F.W) 85 Sr 3.08 - 0.85 log Ca++ ppm (after 7 
days feeding). 
3.45- 0.85 log Ca++ ppm (after 14 
days feeding). 
Comparing these figures vd. th those obtained in l~:x:periments 
l-4, there is only one straight line in the-:: fed log plot in FigureS9. 
Feeding does increase the m4ximum amount of isotope in Limnaea 
pereger. (Compare 3.45 at 14 days feeding; with 2.25-2.40 at 14 
days unfed). 'l1he slope has changed. from -0.4 to -0.85, and also 
the 'two-line' plot of the unfad has become the 'one-line' plot of 
the fed. 'l1his implies that the calcium deficiency in experiments 
been rectified by using 
log 
A. F(F. VT) 
1. 
0 
3.5 
3. 
l og 
AS(F.W) 
1. 
0 
0 
Fi [5Ur e . 58 . 
, + 
0.5 1.0 2.0 
,.. ++ l og v ppu. 
Plot: log A.F (F .W) a gainst lo 0 calciw conce~trati 
The uptake of 85 Sr by l ettuce at 7 days . _ eading~ -.; __ e 
mean of 10 . 
+ 7 days feeding . 
o 1 4 days f eeding. 
0 0.5 1.0 1.5 2.0 
log Ca++ ppm 
Plot: log A. F ( F . i7) agai nst log calciu.r:~ concentrat.:.on . 
The uptake of 85 ·sr b:i{ Limnaea per ege r _ at 7. and 14 da s . 
2. 5 
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lettuce as a source of food.(f.Z..15). 
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Experiment 5(b) 
The uptake of 85 Sr by fed Limnaea pereger (whole snai~ 
Uptake by the food 
The source of the food in this experiment was Elodea 
canadensis. Pieces of Elodea were cut into lengths of 37~'5 
mm long, bearing 27 leaflets and the mean fresh weight was 
0.0376 g. The experiment was aere.ted as in Figure la. 
Calcium concentrations v:aried from 0-650 ppm Ca++. 
The uptake of 85 Sr by Elodea v~s plotted as, 
(i) · A.F. (F.W) against calcium concentrations, in Figure 60. 
This Figure.s~ows that there is greater uptake -of isotope at 
++ 
calcium levels below 25 ppm Ca • 
( ii) l!..F(F~.W) against log calcium concentration in Figure 61. 
Thisplot ~hows that the uptake before and after feeding by the 
snails at ~ and 14 days follows a similar pattern. The change 
++ over in slope occurs at 25 ppm Ca • Uptake below this figure 
is rapid compared with above this level. 
(iii) log A.F(F·.w) against log calcium concentration in Figure 
62. It is noticed that the expression before and after feeding 
by the snails is different. At 7 days, in which the Elodea 
equilibriates with the isotope solution, it is, 
log A.F(F.W) 85 Sr 
++ 
= 2.8 - 0.8 log Ca ppm 
After 7 and 14 days feeding, the expression becomes -
- r 
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log A.F(F.W) 85 Sr 
++ 
= 3.6 - 1.05 log c~ ppm 
Since both the maximum and the slope have increased, this suggests 
that the ·snails by feeding on the Elodea, have made the plant 
more permeable to the isotope, and it soon becomes saturated. 
However, the plant remained green and healthy looking through-
out the experiment. The slope of Elodea is similar to that 
obt~:lined for lettuce in experiment 5(a), i.e. -1.05. 
Uptake by the fee.ding snails 
The snails were introduced into the isotope solution after 
the Elodea had equilibria ted. with the is"otope, i.e. after 7 
days. The mean freshveight of the snails was· 0.3705 g. 
The uptake of 85 Sr by the snails was plotted as:-
(i) A.F(F.W) against log calcium concentration in Figure 61. 
This plot indicates that there are two processes or phases to 
the ·uptake dependent on the calcium concentration of the 
surrounding water. The change over in slope occurs at 25 ppm 
++ Ca , where the rate below this figure is muchhigher than above 
this figUI''eo The plant and thesnail are plotted on the same 
graph, and this semi-log graph indicates that there is a 
similarity in the uptake of 85 Sr. The plant figures are 
~pproximately 10 times that for the snail. The figures for the 
chal'i.ge over of slope in the semi-log plot for snails feeding on 
Elodea is comparable with snails feeding on lettuce, (see page 97). 
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(ii) In the log plot in Figure 63, one has a 'two-line' plot 
at 7 days feeding to a 'one-line• plot at 14 days feeding. 
This suggests that during the first 7 days, the amount of food, 
i.e. Elodea, does not have as much effect as lettuce, in chang-
ing the slope of the plot. It was observed that the snails did 
not feed as well on Elodea as they did on lettuce. At 14 days 
the snails had eaten sufficient food, i.e. Elodea to alter the 
slope of the plot. Expressions from F~gure 63, are :-
lo15 .fo.~·F(FW) .. 1,65 Sr = 1.25- 0.375 log Ca++ ppm (above 39.8 
++ ppm Ca after 7 days feeding). 
1.1 - 0.7 ++ log Ca ppm (below 39.8 
ppm r, ++ va after 7 days feeding). 
log A.F(FW) 2.5 - 0.85 ++ (after 14 85 Sr = log Ca ppm 
days feeding). 
The slope of -0.85 at 14 days is in good agreement with that 
obtained by lettuce in Experiment 5(a), page 10l, although the 
maximum is less, i.e. 2.5 compu.red with 3.5. This confirms the 
above observation, that the snails do not feed as well on Elodea 
as they do on lettuce. 
This experiment confirms the fact that feeding does 
increase the rate of uptake and accumulation of 85 Sr by Limnaea 
pereger. 
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Experiment 6 
_!he uptake of 89 Sr by unfeY_f"ed Limnaea pereger (shell and 
body) in fil tared and unfil ter·ed canal .--rater 
The_uptake of 89 Sr· by L.pereg-er was studied over 7 deys 
in filtered and unfiltered canal v~ter from the Shropshire Union 
Canal, at Chester. The mean frash "V'ieight of the snails ·was 
0.1334 g and that of Elodea canadensis was 0.2999 g. While the 
F.W:mlf ratio for the snails ·was 3:1, that for E~odea was 12:1 
The canal water was filtered through glass wool in a large Buchner 
funnel, which retarded the microscopic particles in suspension. 
The ·c~lcium ion concentration of the fil.tered canal water was 
++ 68 ppm Ca. and its pH was 7.4. 
In the experiments which had the unfil ter·ed canal water,. 
there 1Nas a large amount of organic detritus and floating 
',· 
organisms which caused polluted conditions after 2-3 days. The 
experiments wero not aerated and this acceler-ated bacterial 
de-composition of the suspended. material. This pollution caused 
the snails to die in the unfiltered \1ra.ter. 
The results are tabulated in Figure 64. In the unfiltered 
in';~io.l Gb~ 
water the /Jfb'o:wi·on.(·· is nigher than the filtered solution. This 
is probably due to the increased surface area of the suspended 
particles on to which is adsorbed the particulate Yttrium ion 
In j.ar 3, vri th only :Clodea. in, this is not so 
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apparent, the AF (FW) unfil.tered is 30.46 compared with the 
filtered AF(FW) 23.73. 
This experiment proved that the unfiltered canal ·water 
was unsuitable for exp~r-imental purposes, and that the filtered 
water contained too many variables (see page 15) for analysis 
of the water. 
FILTTilP.ED .AND U1"'f,ILTERiiJ} CANAL ~'iJ:P.TER 
LINJlifAEA PEBJWTIJR 
1\F I bo.se.d.... 01'\;" F i 1 t e r e d U n f i 1 t e r e d 
inLt~~ £o~·DW - 23.4 152.1 54.8 snails Shell died 
Body 21.8 38.8 21.2 
- ; 
Elodea 669.3 286.9 85-4 253 
FW Shell 19.12 29.04 50.7 snails died .. 
Body 1.45 13.11 16.73 
-
Elodea 62.12 23.23 69.8 30.5 
--
'-f'5 bot.s~ <>n lwe~k. Is 8.4 26.6 <snails ~ DW 'he 1 ~·- 27.7 died -- - --
Body 2.0 3.8 8.6 
Elodea. 409 278.7 
--
Shell FW 7-15 29.1 6.50 ~ na.i.Ls c\i(.c:L 
-----
Body 1.41 2.33 5.58 
- -
Elodea 36.51 
I 
22.68 24.66 27.18 
Figure 64. 
-
-:1:1.5-
It can be seen that the uptake by the shell is higher than 
that of the body, particularly so in Jar 2 Yihen it is feeding 
on Elodea and probably algal material in suspension. 
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. Experiment 7 
The uptake of 89 Sr by shell and body separately of unfed 
Limnaea pereger 
The uptake of' 89 Sr by Limnaea pereger vvas studied over· a 
period of 21 days and under aerated conditions. rrhe cal ci urn 
concentration varied from 0-120 ppm Ca++. The snail was 
dissec:ted into shell and body ·which were counted separately. 
The mean fresh Vieight of the snails was 0.2688 g. 
Results are expressed as:-
(i) AF(FW) against calcium concentration in Figure 65. It 
can be seen that vii th time th·~ AF( Fv-t) increases, and that it 
decreases with increasini~ calcium levels for both the shell and 
the body. ++ The cha!'l..ge over in slope varies from 20 ppm Ca to 
++ 50 ppm Ca , as time increases from 7 to 21 days. Uptake below 
these levels is more rapid th~m above them, and the uptake for 
the shell is greater than th.s.t of the bocly'. This is particularly 
significant, since the shell forms 14-22% of the fresh weight of 
the snail, and contains 33-451S liquid; whereas the body forms 
60-70~f of the fresh ,Neight of the snail and has 801~ liquid in 
its composition. 
( ii) .A log of AF(FW) against calcium concentration is shovm in 
F'igure 66, for the shell and the body. :rexpressions from the 
plots are tabulated in Fig-ure 67. 
50 
A.F(F'i!) 
100 
50 . 
AS(Y.',) l 
Plots of A. F(F\'1 ) a gainst t he l . ca _c lU."!l 
-\\6-
concentration at (A) 7 days ', (B) . 14 days 
and (C ) 21 days in 89 Sr sol ution. Only 
the 89 Sr figures are plotted. Points a~e 
t he mean of 5 . A F(Fw) 's. ba.s12.d.. on 3w~nks 
A. 
shell 
. \_~-r--1 ---4::-~ 
o~-------=:==~=========T~======~~====~b~o~d~y B. 
50 
j -; t t~~e~l 
0 -~--------~~========~~~====~~======~~~ c. 
0 50 100 150 200 
.1.+ 
ca· ppn 
\ 
-11.6-
. .,. . 
Figure 66 
1ri tle to the log plots on page 117 • 
Plot: log AF(F\7) against log- calcium concentration. 
The uptake of 89 Sr by shell (+) and body (o) of 
Limnaea pereger, at 7, 14 and 21 days. 
A'F(_Fw) b"'-secJ-. on.. tl:t.~ '-'.)ee.K. Co~A-n..tS. 
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L. pereger +" 7 days + 14 days + 21 days 
shell . ·a. 1,;;.25 
-
0.1 
' 
·2.2 
- 0,~.4 2.2 - 0.4 
b. 2.4 
-
L2 
body a. o~.s 
-
0.1 L.65 - 0:~:4 1:~.65 - 0.4 
I 'b. 1.2 - 0.8 
- ·-
Calcium level 
at change over 26.-92 39.81 56·:23 
++ 
. 
Ca ppm. 
.. . . 
Fit;ure 67. 
Table of expressions from Fig~.1re 66, at 7, 14 and 21 days in 
the isotope solution. Readings along fa ' are above the calci urn 
level at the changeof the slope, and 'b' below this level. 
There is an initial uptake by the shell and body which is very low, 
and after 14 days attains the slope, found in Experiments 1 and 2. 
Although the slope is the same for the sh8ll and the body, the 
maximum is higher for the shell than the body. 
These results-are in agrec=ment with those attained for 
Experiments ·1 (page 78 ) and Experiment 2 (page 86 ) • 
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Experiment 8 
.. 
The uptake of 89 S:r· by unfed Limnaea trunca tula 
(whole snails) 
The uptake of !i 2 filJ;eot:Wiiii 89 Sr by L.truncatula under 
calcium concentrations varying f:r·om 0-103 ppm Ca ++, was 
studied for 35 days, under aerated conditions. The snails 
were unfed for the duration of the experiment. The mean 
fresh weight of the snails was 0.1717 g and were 9-11 mm long. 
The uptake of 89 Sr was plotted as:-
(i) A.F(FW) against time for certain calcium ranges, in Figure . 
68 and the results in Figure 69. 
It can be observed that equilibrium takes longer to attain 
at low calcium concentrations, and that there is greater 
accumulation of the isotope at low calcium levels. The uptake 
figures at equilibrium areless than for Limnaea nereger (see 
page 78). This difference is probably due to the difference 
in thickness of .the shell and the mass of the snail, h 
truncatula being the smaller and having a· thinner shell. The 
-- . 
amount of exchangeable calcium in t·he shell is less in 
L.truncatula than in L.pereger, and ~~11 itself become quickly 
saturated \"':i. th isotope. L.pereger was much more active under 
the experimental conditions than L.truncatula, which suggests 
that the more active the organisi:n the g·reater the amount of 
isotope taken up. L. truncatula is primarily air-breathing 
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Plot: A. F (F:'!) agai nst Ti c , i n c1e.ys at calciu.:n ranges of 
( ) ~ 3 6 27 ~ C ++ - (') 6r.: "P Ll C ++ _.. a .L • -· • Q ..L :ppn ·a and. o 0 - o: .... . -= pr;:;; ,a, , .1. or 
Y- Sr uptc>J<:e ( dashe cl line ) and 89 Sr ( con-cl :mou.; line) . 
U_ t al:e of Y- Sr ' and 89 Sr by Lirunaea tru:1.catula . 
Each r eading (+) is t he mean of 15 snail s . 
I'i £_';U:ce 68 . 
1- 5~ . ~ F(Fw) ·.s ~eel ~ 1vt\tlaJ ·-fo wwl-s 
8/~ M- (f·w)·s b£ASe.cl ol'\.- Htte-~V tUee.-K_ www~ · 
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and non-aquatic, whosE:! habit results in the occas~onal sub-
mergence in water (Russell-Hunter, 1964), but like L.pereger 
is classified ecologically as a so~ft water species (lYiacan, 
1960). 
-
Calcium Isotope AF. (FW) at Time in days, E I AF(FW) pone. ppm. Equilibrium of Equilibrium t 5 /Et. 
-- -- -
tl3.6 
-
Y-Sr, ; 165 7 1.4 23.5 
27.1 .. 89 Sr 44 7 1.4 6.2 
. . . ... ~ . 
--
~·-
65.1 Y-Sr ·-- 33.4 6 1.2 5-5 -
' 
68.4 89 Sr 8 6 1.2 1.3 
- -
Figure 69. 
'l1able of results from :B1 igure 68. Uptake of Y-Sr and 89 Sr 
by Limnaea truncatula, at varying calcium levels. 
, __ NoTeo: '(-S~ A-F(FOW)bo.sec.:i.. on ::tni\-~l co I.-Will-s,_ C6,S-t-~F(fw)ba..sec.l on 3weel(.cowl'\f.. · 
The results in Figure 69, are similar to Experiment 1 (page 
78) and Experiment 4 (page 94), where Et/5 is approximately equal 
to AF(FW)/Et' except at low calcium levels. The difference 
between the results for Limnaea truncatula and Limnaea pereger, is 
that, L. truncatula reaches equilibrium quicker. A plot of AF(FW) 
against calcium concentration in the medium shows that uptake is 
greater at low calcium levels. (Figure 70). 
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lt'ieure 70 . 
0 50 100 ~50 
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l og Ca.+-:- :p:!;):!! 
Plot: log A. l!' (P'.'T ) a ::;ainst l·::> g C <-+ppm . 
The upt ake of 89 Sr ':Jy T~i .. naea tru..:0£..tu_a ~ at 5 wee: s . 
Each r eading is t he mean of' 15 snails . 
Prf- ( ~ w) ~9 5+ ~ on \htee- w e e)(. colM'V\:::S · 
Fi~ure 72 . 
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(ii) log AF(FW) against calcium conce~.l:.ration in Figure 71, 
++ 
resUlts in two lines which change their slope at 37 ppm Ca , 
with uptake greater below this level than above it. 
(iii) log AF(FW) against loe; calcium concentration in Figure 72. 
He:J;"e the 'two-line' log plot indicates that the snails are unfed. 
Expressions from this plot are:-
log AF(FW) 89 Sr 8 ++ ( = 2.3 - 0. log Ca ppm above 37 
ppm Ca ++) 
= 5.2 - 3.3 log Ca++ ppm (below 37 
ppm Ca ++) 
The maximum above 37 ppm c ++ 0 a ~s similar to that obtained 
in Experiment 1, ·page 85, but the slope has increased from 
This implies th::.t the rate of uptake of 89 Sr is 
quicker in_L.truncatula than in L.pereger. This would 
substantiate the reasoning in para.(i) page 119 • 
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Experiment 9 
The uptake of 85 Sr _by fed Limnaea auricularia 
(Whole snail, shell and body) 
The up~ake of 85 Sr by Limnaea auricularia was studied over 
++ 7 days at calcium concentrations varying from 0-240 ppm Ca • 
The snails were fed with lettuce for the duration of the 
_experiment. After counting the whole snail, it was dissected 
into shell and body, the activity of voJhich were then 
dete1~ined separately. 
~take by lettuce 
The mean fresh weight of the lettuce \'VaS 0.3802 g. The 
uptake of 85 Sr was plotted in Figure 73, at 5 days aeration. 
The pieces of lettuce did not have any mid-vein in them. The 
expression from the graph is:-
log AF(FW,~ 85. Sr, 
++ 
= 3.0 - 1.15 log Ca ppm 
This expression is comparable with the expression obtained in 
Experiment 5a, page 97. 
Uptake by feeding snails 
The snails were introduced into the isotope solution con-
taining the lettuce at 5 days. The mean fresh wei~ht of the 
snails was 0.1168 g. and 8.5 mm long. The calcium concentration 
of the canal water at the time of sampling was 66.02 ppm Ca++ • 
• The body weighed approximately 81% of the fresh weight of the 
snail, compared wl th up to 247~ for the shell. 
The results are plotted as:-
3 .. 
2 . 
log 
A.F(IYT) 
1. 
0 
-12.(:,...:.. 
0 0.5 1.0 
++ loc; Ca ppm 
Plot : log A.F (F".'i) acain s t log Ca ++pr.>mc 
I 
2.0 
The u:9talce of 85 Sr by l ettuce, t 5 days aeration. 
i~ac '1 rc~ ding ( +) is t he rnean of 10. 
·, ' 
2.5 
.-
Fic;ure 74. 
A F(FW) 
0 50 100 150 200 250 
-1-.J.. 
Ga · 'ppm 
Plot: A.F(F'.7) against calci um concentration. 
.The uptake of' 85 Sr by Limnaea auricub,r .:a , c. 1 d P',j' ( +) 
- ' ' 
2 days (o), 4 days (A; and 7 days (o), feeding on lettuce . 
Each reading is ~1e mean of 5 snails. 
Curves draYm at 1 and 7 days, which shoYfS the .:..ncreasc i.!l 
A.F(FW) due to feeding. 
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TL~e, 't' in days. 
Figure. 75 
Plot : A.F(F.'T) against Time, at calcium ran8eS o:f, 
(a) 0-8.6pp:n Ce.++, (b) 17.5-18.5 pp:n Ca++, (c'· 46.8-55.4 ppm 
Ca ++, (d) 68.1-76.5 pp:::1 Ca ++, (e) 124-142o5 ppm Ca-:-+ and 
(:r) 195.1-216~6 ppm ca·:-+. The upt;ake o:f 85 Sr by Lir:l!!c..ea 
auricularia( Tihole snail) , :feedin~ on lettuce. 
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(e) 124-142.5 ppm Ca+-r and (f') 195-216 ppm CaY"+ • 
- 12.9 -
- 1~0-
4. + 1 day 
0 2 days 
6. 4 dcqs 
7 a.a;-~ .....
log 
A.F(F'.7) 
2. 
1 
0 
0 0.5 1.0 1.5 2.0 2. 5 
.1._... 
log ca· · 
Figure 77 .. 
Plot: lo~ A.F(FW) asainst los calcium cor.cent a~ionv 
The u:9ta..lce of 85 Sr by I.irmaeo. auricularia. ( \7hole snail) 
~eeding on l~ttuce~ Each readinG is the me~" of 5 sr.ails • 
.. \ 
(i) A.F(FW) against calcium concentration in Figure 74. This 
plot shows that the l:..F(FW) increases over t);le whole calcium 
range studied, after 7 days feeding. 
(ii·) AF(FW) against .time, in days, at varying ·calcium ranges 
in· Figure 75. This graph shows that at low calcium levels, 
there is a sudden upt<?-ke followed by a decrease. At calcium 
levels ~bove 46.8 ppm Ca++, instead of two lines, there is only 
one line, which implies that uptake is taking place at the same 
rate. The experiment was only over 7 days, and it is apparent 
that equilibrium has not been reached. 
(iii) A plot of AF(FW)/Ca ++ ppm against time is sho>v.a in Figure 
76. It is only at high calcium levels that there appears to be 
a s~raight line. At lower calcium levels there are several lines 
which could be joined up to form a curve which suggests that at 
low calcium levels, that AF(FW)/Ca++ ppm is not time dependent, 
or time dependent plu~ another factor. 
(iv) log AF(FW) against log calciu1n concentration for the fed 
whole snail in Figure 77; for the shell in Figure 78 and for the 
body in Figure 79. The expressions from the log plots are 
summarised in Figure 70. The significant point about these 
plots is that, "vi th the exception of the i day shell points, 
all are 'one-line' plots. This is consistent with the feeding 
experiments performed with Limnaea pereger (pages 97,104 ' I • 
The maximum is similar to that obtained in Experiment 5(a), page 
10:t, although the slope is slic;htly higher appr·oaching -1.0. 
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Plot: lo A.F(YJ) against log calcil~ cor.cer.tratio~ 
The uptake of 85 S_ by Li::u1aca auricul::L ia ~s!"'lell ); "'ci'.c 
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snail having fed on lettuce. Each reading is t:·:e mean of 5. 
' 
'I 
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1 .. 
0 
+-!. los Ca 'ppm 
Fi ~;ure 79 
Plot : l og _A_. F (J!,'/ ) a ga ins t lo.z calciur:-t co:."lce~ _t :ca:': ion . 
The upte..l\:e of 85 Sr by I:iT:ma.ea auriculEL' L . \ t)Ody); the 
snail having feel on lettuce. Each r eading i s mean of 5. 
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11he slope indicates that tl10 8~i s·~rontium is permeating the 
membrane of the snail ~Lt thr.:; same rate ~LS the cc,lciwn ion. 
It can be seen quite cle~rly from Fi 0 ure 80, that the 
maximum incr::::a;:;es 'Ni th thte, "but th::;.t the rate of uptake 
remains the same. 
~----------·- . -
Limnaea 
auricularia + l cl~LY + 2 days + 4 days + 7 o.c.ys 
------- ··--
"livbole snail 2.6 - 0.95 2.7 - 0 01' ._, 2.95 - Q C•r:" ... , J .., ? .)o- - 6.95 
Shell 1.8 
- 0.45 
2.2 - 1.3 2.35 - 0.9~ 3,15 - o.:· 5 ].65 - 0.95 
Body 2.0 
- 0.95 ~. J, t.:. 0- - 0.95 2.6 - 0.9) 2.8 - 0.95 
l 
F'ic;u:r·e 80. 
Table of exprcssions'from Figures 77, 78, 79. 
The upt.:J.ke of 85 Sr by Limnaea auri~]:_llaria 
fe;:;;dir.!.g on lettuce, whole snail, shell a.nd body. 
The ma::dmum for the shell i:.:: higher t!1~~n that of the body, 
but the slope, i.e. the rate of uptake 1is the same. 
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Tilxperiment 10 
The uptake of 47 Ca by fed and unfed Limnaea auricularia 
(whole snail) 
The uptake of 47 Ca by Limnaea aur·icularia was studied for 
++ 9 days at calciwn concentrations varying from 0-650 ppm Ca • 
The snails were fed with watercr·ess- Nasturtium officinale -
which v7as obtained from a str·eam near Ruthin (Grid Ref.l865~2) 
which contained Limnaea pereger and Limnaea sta1_?;nalis. Similar 
terminal leaflets of watercress were washed thoroughly in 
aerated distilled water to remove the sup_erficial detritus and 
then ·with the appropria t·a calcium concentration befcr·e being 
placed in the isotope solution. 
(a) The watercress was allo\'/ed to equilibria.te with the isotope 
solution. By plotting log AF(FVi) against log calcium 
concentration in Figure 81, for results obtained at 2 and 4 
days aeration, it was found that equilibrium was reached at 
2 days. The experession from Figure 81 is:-
log .AF(Jr~7) +J eu.... = 2.0 ++ ( ) O.J log Ca ppm 2 days, 
The mean fresh weight of the watercress leaflets was 0.3500 g. 
It was determined that after the leaflets had been in the glass 
vessels for 4 days, that the calcium concen·tration in the lower 
ca.lcitun levels had increased, a.s shown in Figure 82. 
l og 
AF (J!i'r) 
1 
,-..Q..__ l - !-- ~,-....._ ~- ' 
~~&~-
1 - ~~o~et. 
0~--------.---------.---------.--------,,--------r----, 
0 0. 5 1.0 1.5 2.0 2 .5 2 .75 
Plot: l og A. :;?(F:r) aga~_nst log calciu!n concent:cationo 
The uptake of ~7 Ca by wa.terc_·ess at 2clo.ys ( +), 4 day s (c) 
and 9 days (ill . 
Each readin~ i s t he m0an of 15~ 
'' 
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·Jar 1 2 3 4 5 6 
--- 5--·rlO 
. -------
•... 
Initial Calcium 0 66 310 615 Cone. ppm. 
Final Calcium 1.3 15-4 15.4 66 310 I 615 Cone. ppm. 
Figure 82. 
Table of results of the initiw,l and final calcium 
concentrations, in vr.aich the ,-.-atercr·ess had equilibriated. 
I 
The rate of leac~hing from the vro.tercress Yaried from 1.1 x 
I ++ g day at 5ppm Ca to 6.0 x 10-6 g/day at 10 ppm Ca++. 
(b) After 4 days aeration, the snails were introduced into 
the isotope solutions containing the watercress. ++ The Ca 
ppm of the canal at the time of sa.mpling.was 103.2 Ca.++ ppm 
'-.\:_ 
... 
and the mean fresh weight of the snails was·· 0. 5400 g. 
At the same time that the snails v1ere put into the vessels 
containing the watercress, snails were also placed into 
control isotope ~ressels v1hich did not contain watercress. 
Thus one had a direct comparison between unfed and fed snails. 
It was observed that the surface of the watercress had 
been eaten by the snails, but that over the period of· the 
experiment, the watercress reJr,ained green and heaJ:tey' leaking. 
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If the leaflets -became discolourc:d, they were r·emoved. 
The results ·were plotted c..s :-
(i) AF(FW) against log ca.J.citun concentration in Figures 83 
and 84 for vvatercress and snail respectively. The change 
· 1 J> "1 t c · 12 r.:9 Ca++ .~-.+ 2 dayr..~, over ~n s_ope £Or ;; 1e v~a :er ress ~s • ) ppm -· u ~ 
to 15.85 ppm Ca++ at 4 days: ::mC. after being eaten, to 31.62 
++ ppm Ca • The;;;e figures suggest that feeding by snails 
increases the leaching of ce.lcium from the plants. It was 
observed that the snails, which possess radulas:, rasp off the 
surface layers of the leaves of the watercress. Consequently, 
the AF(FW) has increased considerably, particularly below31.62 
C ++ ppm a • 
++ 
.The change over in slope for the snails, is 19.95 ppm Ca 
.......... 
for the unfed snails, to 28.18 ppm Ca'' for the fed snails. 
It is interesting to note that the slopes of the semi-log 
plots for both the watercress and the snai:l are similc.r above 
31.62 ppm Ca ++. This suggests that the external calcium 
concentration is important to lJlants and animals in the uptake 
of isotopes. 
(iii) log l~(FW) against lo~ calcium concentration in Figure 85. 
The log pl~t of fed snails is compared with that of' the unfed 
snails. This confirms other experiments, in that the unfed snail 
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is characterised by a 'two-line' plot, and the fed snail by 
a 'one-line' plot. 
Expressions from Figure 85 are:-
log AF(FW) .7 ~ 4· va = 1.85 - 0.40 log Ca++ ppm above 31.62 ppm, 
= 2.65 2.15 log Ca++ ppm below 31.62 ppm 
(lll'TFED). 
log AF(FW) 47 Ca = 2.65 - 0.55 log Ca++ ppm (FED). 
(iii) By plotting the fresh weii_;hts of (a) the vro.tercress and 
(b) Limnaea auricularia against the il..F(FV!), in Figures 86 and 
87, respectively; it can be seen that there is a diver-gence 
over a wide ran&;e of cal.ciu."'ll .. concentrations. Two curves can 
be drawn, relating to the calcium coxicentration of the 
surrounding habi-tat, with higher AF(FV!) at low calcium 
concentration. These plots suggest that the ·AF(FW") -
weight relationship is calcium dependent. 
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Experiment 11 
The ~take of 47 Ca and 47 Sc by unfed ~nd fed Limnaea 
auricularia. ('.!'.'hole snail, shell_ and body) 
The uptake of 47 Ca and 47 Sc by unfed and fed Limnaea 
auricularia was studied over a period of 11 days, at calcium 
. ++ levels in the medium from 0-240 ppm Ca , under aerated 
conditions. 
Th'e source of food v.as lettuce in the fed snail experiments. 
Fed snails were broken down at 2, 4 and 7 days. The unfed 
snails were broken do·wn at 4, 6 and ll days. 'I'he mean fresh 
weight of the snail.s was 0.1537 g. and the shell length varied 
from 7-11 mm. 'I'he body weighed approxir.Ja tely 685~ of the fresh 
weight of the snail, while the shell v•eighed up proximately 27%. 
The whole srmil YiELS initially counted, then dissected into 
shell and body which were then counted separately. 
The calcium concentration of' the cana.l vvater at the time of 
++ 
sampling was 37.03 ppm Ca . This low value vva.s due to the 
heavy rains over the pre·vious waek, 
a. Unfed snails 
In all the jars there "''as an inc·rea.se in the calcium 
. ++ 
concentration in the medium, "thEl mean being 17.93 PP!:!l Ca per 
jar over 11 days, vvhich is equivalent to a rate of" leaching of 
- 144-
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The general pattern of the AF(FV!)'s of the whole snails 
~vas that the Sc: Ca. ratio incr•z;c,sed ·vv'i th the calcium con-
centration in the medium and is alv1ays greater than l, (see 
Figure 88). 
'11hese figures indicate discrimination in fa.vour of 
scandium. With increasing calcium concentration in the medium 
with time, the AF( FW) 's for· 4 7 Ca. and 47 Sc increase for the 
whole snail as shown in Figure 89. ++ Above 175-220 ppm Ca in 
the.inedium, there is very little effect on the Sc/Ca ratio 
by increasing the calcium concentration in the medium. 
T.'he results are expressed as:-
(i) AF(FW) against the calcium concentration in the medium in 
Figure. 90. There is an increase of AF(FW) with time for both 
47 So and 47 Ca. The increase in 47 Sc seems to come from the 
decay of 47 Ca. 'There is an apparent decrease in the uptake 
of 47 Ca, i.e. the uptake is either reduce~ or the uptake has 
remained the same- and the amount of active excretion increased. 
Although the AF(FW)'s below 65-70 ppm Ca++ are similar, above 
- ++ 10 ppm ~a , the snail absorbs 47 Sc in preference to 47 Ca. 
Since the AF(FW)'s are similar it does suggest that there is a 
similar mechanism of uptake. 
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AF(F ) 
++ Ca ppm 
Title to Figure 90, page 147 
Plot: L.F(FW) against calcium concentration in -the 
mediwn. Tho uptake of 47 Sc and 47 Ca by unfed 
Limnaea auri cularia, at +4 days, + 6 days and 
+ll days, for (a) body, {"b) shell and (c) vvhole 
snail. 
The po int s have been omitted on these g-raphs, 
and thu curves have been drawn with the a id of 
either a flexicurve or french vurves t:1.rou~_;h the 
points. 
.L6UU l~UU 
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++ log Ca ppm 
'I'i tle to Figure 91, page 149 . 
Plot: log aF(Fiv) a_;ainst lo · calcium 
concentration of the medium . The 
uptake of 47 Sc anQ 47 Ca by unfed 
Limnaea auricularia, for (a) body, 
(b) shell and (c) \,hole snail, at 
( i 4 days , t ( i i ) 6 da,y s o 
nd (iii) lld4ys. D 
~ach point is the toan of 8 . 
CALC ilJl.! 47 sc:JITClJ1i 4.·7 
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(ii) log AF(~v) against log calcium concentration in the medium 
in Figure 91,. for the unfed snail and the results in Figure 92, 
page 151. The slope of 47 Sc is shallower than 47 Ca, and this 
suggests ·tha.t 47 Sc is le·ss dependent than 47 Ca in the external 
calcium concentration in the medium. 
The rate of uptake of 47 Sc by both body and shell is 
the same, but there is a higher maximum in the shell. This i~ 
probab~ due to the fact that the shell presents a greater 
surface area· to the medium on which is adsorbed the particulate 
Sc+++ . J.on. 
The rate pf'upt~ce of 47 Ca is more in the shell than the· 
body. One would expect this, since there is more exchange calcium 
in the shell than in the body. 
In all. the log plots for the unfed s~ils, there are 
'two-line' plots with the exception of the shell. This is similar 
to that obtained with radiostrontium in previous experiments. The 
1 ~7o-line' plots are more definite for 47 Ca than 47 Sc and this 
indicates that the uptake of 47 Sc is less: dependent on the calcium 
concentration in the medium than 47 Ca.. 
The slop~ of tl~ unfed snails for 47 Ca and 47 Sc is .-0.4 
which is the same as that obtained for Lim~ species on pages 
83, 86, 1~0 and 142. Since both the slopes for the uptake of 
radiostrontium and radiocalcium. are the same, then it could be 
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u n f e d F e d 
ca47 lli:tys 
Day s 
body 2 . 4 - 0 . 4 +4 2 . 9 - 1. 05 +2 
1. 5 - 0 . 4 +6 3 . 1 - 1. 05 +4 
1.7 - 0 . 4 +11 3 . 3 - 1. 05 +7 
-
s :1ell 2.4 - 0 . 2 +4 3 . 3 - 1. 05 +2 
3 . 4 - o.ss +6 3 . 6 - 1. 05 +4 
3 . 5 - o.ss +11 3 . 8 - 1. 05 +7 
vmole 2 . 4 -- G. j +4 3 . 0 - 1. 05 +2 
snail 
2 . 6 - 0 . 4 +6 3 . 1 - 1. 05 +4 
2 . 8 : - 0 . 4 +11 3 . 2 - 1. 05 +7 
sc47 body 1. 7 0 . 4 +4 1. 4 0 . 4 +2 I - -
,.., 0 . 4 +6 1. 6 0 . 4 +4 c. . - -
,, 
2 . 2 
- 0 . 4 +11 1. 6 - 0 . 4 +7 
--
sl1ell 2 . 4 - 0 . 4 +4 2 . 4 - 0 . 3 +2 
2 . 7 - 0 . 4 +6 2 . 4 - 0 . 3 +4 
3 . 1 0 . 4 +11 ,.., 0 . 3 +7 - c. . -
whole 2 . 2 
- 0 . 4 +4 2 . 4 - 0 . 3 +2 
s nail 
2 . 6 - 0 . 4 +6 2 . :1 - 0 . 3 +4 
2 . 8 
- 0 . 4 +11 2 . 1 - 0 . 3 +7 
-
Fi .;urc 92 . 
Table of res ress i on pl ot s for 47 Ca and 47 Sc , fo r 
fe d a nd unf ed Limnaea ~uricularia , a t di ff e r e nt t i me 
i nte rval s . ~he ox~ ressi ons a re ~iven of the s lope 
a bove the criti cG. l ca l cium level in the medium . 
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'stated that radiostrontiwn follows the same path as 
radiocaloitlDl through the membr.::..ne;:;: of the unfed snail, i.e. 
Limnaea species. 
b. Fed snails 
Uptake by lettuce 
The mean fresh ''-'eight of' tlw pieces of lettuc•3 was 0.2649 g 
and these were allowed to equilibriate ·with the isotope solution 
before the introduction of the snails - Limnaea auricularia. It 
took 4 days :':or the lettuce to eq_uilibriate vii th the isotope 
under aerated conditions. 
The expressio:nsfrom the lo~: plot in Figure 93, are:-
log AF(FVi) 3.85 1.15 log Ca ++ 47 Sc ppm 
log 2\.F(FW) 3.0 - 0.95 log Ca ++ 47 Ca = ppm 
: -· ... Uptake bJ: the feeding snails 
( . ~-
The results are plotted in Figures 94, and 95·. and the 
expressions from the log plot are recorded in Figure 92~. 
'I'he expressions for 47 Sc are similar to those obtained 
with the unfed snails only that the maxima are slightly 
higher. Since the slope. of the fed a1)proxirnates that· of the 
unfed, then the higher maxima coulcl be due to the actiYity of 
the isotope in the food in the digestive tract. This p:coves 
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AF(FW) 
++ Ca ppm 
Title to Figure 94, page 155 . 
Plot: AF(FW) against the calcium 
concentration of the medium. The 
uptake of 47 Sc and 47 Ca by fed 
Limnaea auriculari~, at 2 days, 4 
·days and 7 days; for (a) body, 
(b) shell and (c) whole snail. 
Each point is the mean of 8. 
.L~UU ~:;,uu -
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log 
AF(FW) .I .... -----------
1 Ca++ og ppm 
Titles to Figure 95, page 15~· 
Plot: log AF(FW) against log calcium 
concent~ation of the medium. The 
uptake· of 47 Sc and 47 Ca by fed 
Limnaea auricularia,_ for (a) body, 
(b) shell and (c) whole snail; 
at 2 days +, 3 days - o and 
7 days - a . 
Each point is the mean of 8. 
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that tha gut discriminates against the particulate scandium 
- ion, in favour of _the ionic calcium ion. 
The other factor which confirms that feeding has little 
if no effec-t on the UDteke of 4'7 Sc, is the fact that in the 
l;>Qd:y and the whole snail, there are 'tvvo-line' plots, which 
are characteristic of non-feel snails. 
The slope of the 47 Ca hat3 increased to -1.05. This 
means that feeding has increased. the rate of uptake and 
acclli~ulation.of 47 Cain the snail. 'l1he other factor is that 
there is no evidence of a 't~o-line' plot. The 'one-line' 
plot for 47 Ca by L~mnaea auricularia feeding on lettuce, con-
firms the evidence obtained with 85 Sr, in that feeding does 
influence the rate and accumulation of the. isotope. 
'11he rate of leaching of C<:-"!lcium from the snails is 1.2 
x 10-5 g Ca++; day, which is less than in the unfed experiments 
by approximately 50%. 'l1he amount of' body fluids in the fed 
snails is higher than in the unfed snails as shown in Figure 96. 
'!'he body weight (fresh weight of the snail) increases '"ii th 
time, v1hile the shell decreases due to the leaching of calcium 
from its structure. The mean fresh weight of the fed snail was 
0.1363' g and "-.ere 7-12 mm long, compared with a mean fresh weight 
of 0.1537 g for the unfed snails and 7-11 nun long. 
The plot of Sc/Ca ratio against time in Figure 88, shmvs 
that _feeding r·educes the Sc/Ca x·atio, although the AF(FW) for 
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•I 
Time in days + 2 + 4 + 6 + 1. + 11 
of JO FW of Snail 65% 73% 75% 
--~--- ·-·--·· -
Body. Unfed 
----·---
---·-- -----
_____ .... _ ... ___ 
Fed 68% 67% 75% 
Shell 
-
Unfed : 27% 26% 24)6 
--.. -- ~-
........ _ ... 
·-· ... ----···-- -·-----···-
__ ,__., __ .. ,.,. _____ .. ,. 
-
Fed 27% 27% 21% 
.. 
Body Fluids 
-
Unfed 5d[ ,o 6% 4% 
... ~ .. ~ _,...._.."~ ·~-~-.......... _ _ ,. __ .,. _ _.. ...... - ~------· -------· 
- Fed 8% lei 1% I /v I 
- - -----
Pigure 96. 
Data on the %''fr·esh·weights of (a) body, (b)_shell and (c) body 
fluids of Limnaea auricularia, for fed and unfed; at different 
time intervals. 
* * 
the fed snails are higher than the unfed snails. This is 
indicated by the lower rate of leaching of calcium in the fed 
snails. 
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Experiment 12 
The upte.ke of. 89 Sr by unfed :Bi thynia tentacula ta (whole snail) 
The uptake of 89 Sr by Bithynia tentaculata v~s studied for 
35 days in calcium concentratio4s varying from 0-80 ppm Ca++, 
under aerated conditions. 
The mean fresh Yveight of the snails was ·0.1591 g and 8-11 
mm ~ong. The ratio.· of Fi'j:]W: :.3 :1. 
The uptake of 89 Sr by the snail· was plotted as:-
(i) AF(FW) against time, for certain calcium ranges, in 
Figure 97:, and th~ results in Figure 9~. 
Calcium AF(FW) at Time taken to Et I~t/ 5 AF(FVv)/ Rapge Equilibrium E 
.ppm Equilibrium ._(daJ7s)_ 
---
0-10 32.5 7 I 1.4 4.6 
t 
-- -------- j ·---65-68 7 5 1.0 1.4 
-
Figure 9•a 
Results-obtained ~rom Figure 97, on the upt~ke of 89 Sr by whole 
snails of Bithynia ·tentaculata. 1\f(Fw)E:~$-i'- bo..!;e.O.. on th+e.e.. we.e..K. 
c ~~~~~1'\it;s.: 
The results show that the uptake is less thfm for Lim;1a~~e.g-er 
(page 78), Limnaea truncatula (page 121 ) and Limnaea 
auricularia (page 128 ) • The uptake at calcium levels above 
++ 66 ppm Ca , . is similar ~~o the uptake by Limnaea species; 
-lbl-
. 100 
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A~~ £ L + (F.,;) -, 
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+ + ( b 
0 7 14: 21 28 35 
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Fi,:urc S7 
Plot: A.F (F.W) a::;ainst Tir:ce 't: in days. 
The upta."!.::e o:' 89 Sr by :=.:.:thynia ter."CD.culn.tc::., c.t calcium 
ran:es of (a) 0- 10 -'-..!- ( Ca. .. ppm a:1d b) 65- GE :9:9:: Ca +""'. 
Ee:.ch readin3 is the r-:ean o:f 8. .: 
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while below this figure the uptake by Bithynia is considerably 
less than Limnaea species. This is probably due to the fact 
that Bitbynia has a chitinous operculum which seals the 
entrance to its shell when it is not moving, so preventing 
rapid exchange or uptake of the isotope by the body. Snails 
were sampled throughout the year, and it was found that there 
was less dimineralisation from the snail in October than in 
April, which is probably due to th·3 lower temperature stabilising 
the solu~ility product of Caco3• In April, the~rate of 
5 +-L. dimineralisation or leaching was 1.08 -h, 1.5 x 10- g Ca '/day, 
h 1 0 b ~t 8 8 10-6 c ++; w i e in cto er • was • x a day. This seasonal 
difference, affected the uptake only slightly, less uptake 
taking place in October than in April, e.g. in April the AF(FW) 
++ 
at 66 ppm Ca was 15.26 compared with 12.00 in October. This 
confirms the point that the calcil..un concentra-tion of the 
environment is important in determining the uptake of isotope. 
(ii) log AF(FYv) against log calcium concentration in Figure 98. 
Expressions for 28 days and 35 days are as follows:-
log AF(FW) 2.2 0.65 log Ca ++ (4 weeks) 89 Sr = - ppm 
2.0- 0.65 log Ca ++ (5 weeks_) = ppm 
i' 
'.Ph:e significant point about this plot, is that there is only 
one line, and not two lines which is characteristic of non-
3 . 
log 
A. F 
(F. 7) 
0 
0.5 
Plot: lo~ A.F 
'..':-.. e u:rta.~ce o... d9 Sr 
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5 -.--;se.·:s 
1.0 1.5 2 . 0 2.5 
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feeding Limnaea species. The 'one-line' plot is charact·erised 
by fed Limnaea species. 'rhere must be a different 
mechanism of uptake or that Bithynia can tolerate lower 
calcium levels than Limnaea pereger. 
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Experiment 13 
The uptake of 90 Sr by unf'ed Bith.ynia tentaculata (v-vhole snails) 
The uptake of 90 Sr by unfed Bithynia tentaculat?L was 
studied over 21 days at calcium concentrations from 0-650 ppm 
++ Ca under aerated conditions. The mean fresh weight of 
the snails was 0.2335 g and 9-11 nw long. The ratio of 
li'W:DW:: 3:1. 
' 
The uptake of 90 Sr by the snails vvas plotted in Figure 
99. The expression from the log plot, 
log AF(FW) 90 Sr = 2.1 - 0.65 log Ca++ ppm 
is comparable with the expression for 89 Sr on page .. 162. 
The results confirm the 89 Sr results. 
3 . 
2. 
loc; 
A.F 
F.'i 
1 . 
0 
Each reaC.ins . _,_, l.S u..:1e 
-lbb-
l ··r-
-..) 
0 
nee.r of 10c 
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Experiment 14 
The uptake of 85 Sr by fed Bithynia tentaculata (whole snail) 
Uptake by food 
The uptake -of 85 Sr by fed Bithynia tenta~ulata was 
studied for 21 days, in calcium concentrations varying from 
0-120 ppm C~++, and Under aerated conditions. 
The food in this experiment was lettuce. The mean fresh 
'."Ieight of the lettuce was 0.3568 g, and wa.s allowed to 
equilibriate with the isotope solution before the introduction 
of the snails, i.e. after 7 days. The uptake by the lettuce 
is plotted in Figure 100, which gives the follqwing expressiqn:-
log il.F(F"N) 2.9 1.0 log Ca ++ = - ppm. 
85 Sr 
This expression is in g<?od agreement "l"lith that attained by 
.r 
lettuce in the Limma.ea experiments on ·pages: 97, and 125. 
Uptake by snails 
The snails '.'ll'ere introduced into the isotope solution ·,;vhich 
contained the lettuce aft0r 7 days. 
of the snails was 0.1473 g. 
The mean fresh weight 
The results of the uptake of the fed snails is plotted in 
Figure iol. Expressions from Figure are:-
.s. 
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Fie,-urc 100 
Plot : log A. F(F. ·:i; against log -r-:-Cc. P~}n. 
The uptake or 85 Sr by lettuce, in::'eeding e::-;e:::':..nen· _ 
i"iit.'l :Sithynic. te!lt::-.cul<'.te>.~,. at 7 days i. the :. ::;oto~c L'-Ltion, 
and before feedins by t he molluscsc 
Each readin.:; is t l.e ::.e:1n 0 .1. 10. 
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Th e uptake of 85 Sr by Bit:ynia. "~ent~culatz. , at 14 days i ) a nd 
feeding on 1 t-tuce. 
Each :90i.nt i.s t '1e :::ea n of 5 . 
: 
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log AF(FW) = 2.65 - 1.05 log Ca++ ppm (+ 14 days) 
3.25 --1.05 log Ca++ ppm(+ 21 days) 
The slope of the fed snail is -1.05 compared with -0.65 
for the unfed snails. T;lis implies that the lettuce has 
increased the rate of uptake of the isotope, and in this case 
the maximum has increased from 2.2 to 3.25. 
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Experiment 15 
The uptake of 47 Ca by unfed Bithynia tentaculata. 
(·whole snail, shell, bocl;y- and operculum) 
'.Phe uptake of 47 Ca by unfed Bithynia tentacula.ta over 
a calci urn range of 0-50 ppm Ca ++, was studied for 5 days under 
aerated conditions. 
The mean fresh weight of the snails was 0.0640 g and 
8-11 mrn long. The calci urn ion concentration of t·he canal 
at the time of sampling vV<..'I..s 66.8 ppm Ca ++. 
In this experiment, the s12a.il was counte·d -~vhole, then 
dissected into shell, body and operculum. 'l'he weig-hts of the 
various parts are summarised in Figure 102. 
- -
rfi_ F. Vl Ratio of B.tentaculata '" of snail F.W:D.W 
-
body 45 6:1 
. 
-
shell 37 l. 2:1 
operculum 6.8 2:1 
body fluids 11.2 
-
Figure 102. 
Table of percentage weights of the various parts 
of the dissected Bitt~nia tentaculata. 
Mean of 90 snails. 
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The fig1.1re in Figure 93, shov1s that there is little fluid in 
the shell and tho. t the skeletal structur~~:, i.e. · the shell 
a.ncl the opercul mn, nearly neigh as much as the body. 
The uptake of 47 Ca by ~.tentaculata are plotted as:-
(i) log ...;tF(FV!) ag~inst calcium concentra.tions for th·J bod..y, 
shell, opercultun and the nhole snail in Fit:;ur·e lO~ o 
The uptake by the body is constant after 3 days aeration 
·and is rela.ted to the calcium concentration of the external 
environment, :i..G. the AF(F;~i') clecref:'..ses v-d.th incree.sing calcitun 
concentration. 
The uptake by.the shell increases to the 5th day, and is 
hiehar than tha bodj. 
The uptake by the opercultun is initially high, then 
decreases and at the 5th day, increases again to similar figures 
to the shell. 
The uptake for the whole snail is constant after the 
3rd. r::i.a.y •. 
(ii) log LF(FW) against log calcium concentr~tion in Figure 1()!,, 
for the body, shell, operc:u.lum and the whole body. t.I'he 
expression;·:, 
loa .P_F( F'Jir) 
- ' isotope maxitEum at log l - slope of lillg ca.++ppm 
are stUlll11E.rised in Fi.gure 105 o 
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Title to Figure 103, page 174. 
Plot: log AF(FW) against the calciw;'l concentration 
of the medium. The uptake of 47 Ca by Bi t.£l~ 
tentaculata, (a) whole snail, (b) body and Qc) shell,~)ope~c~l~~, 
at 3(+), 4 (o) and 5 (0) days in the isotope 
solution. 'l'he snails were unfed. 
Each point is the mean of 15. 
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Ti-tle to Figure 104, page 176. 
Plot: log _JiF(FW) against log calcium concentration of the 
medium. The uptake of 47 Ca 
(a) whole snail, (b) body e.nd 
by unfed Bith;tE_ia tentaculata, 
~)opczrculum. 
(c) shellXat 3(+), 4 (o) and 
5 ( 0 ) days in tha isotope sol uti on. 
Bach point is the mean of 15. 
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Days in Whole l isotope snail Body Shell Operculum solution 
' 
_ ..... ~t:::.. 
-=:· : ·:t:l:-:---~ 
3 2.3 - 0.2 2.3 - 0-45 2.1 - 0.1-5 3.55 - 1.45 
4 2.5 - 0.05 2.5 - 0.4 2.95- 0.6 2.25 - 0.25 
5 2.5 - 0.15 2.4 - 0.45 2. 6 - 0.6 2. 60 - 0.05 
... 
Fig~e 105' 
Table of expressions obtained from the log plots in Figure 104. 
These figures shov• that the operculum has the highest initial 
uptake but that this diminishes rapidly, probably because the 
operculum only weighs 0.012 g fresh weight, and is mainly 
composed of chitin with a little calcium. 
quickly sat.urated with isotope - it presents a considerabl~ 
surface area to the isotope in the aquatic envirol'l.ment -
and after a period of time, it forms an exchange system with 
the 'Qody, which has considerably more calcium in its calcium 
pools than is found in the operculum. 
The shell and body have greater mass tha11 the operculum 
and it will take longer for them to become saturated "Vvi th 
I 
isotope. The shell weighs 0.0600 - 0.1100 g fresh weight 
; ~-. 
according to the length of the sn~ii. The hoey weighs 
bet·ween 0.0'7400 - 0.1700 g fresh weight. Besides the mass 
the chemical composition·has a profound effect on the uptake 
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of isotopes, and also the rate of metabolism of the organ 
or organism concerned • 
... 
(iii) -~'he AF(FW) 1 s of the dissected parts were plotted 
against the fresh weight in Fi,~:ure ::ll"Q"6,~ .. 
Since three straight lines c<:m be drawn through the 
various points, then this plot sug~·ests that there is a 
weight uptake relationship. Since the weight is a 
function of the age of the snail, then uptake is dependent 
on the age of· the snail. All these snails are from the 
same habitat. Probably the calcium concentration of the 
environment influences the thickness or deposition of the 
shell, so that., there would be a greater variance in the 
points if the snails were from a variety of habitats. 
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~eriment 16 
The effect of darkness on the uptake of 90 Sr by unfed 
,£ithynia tentaculata (whole snail) 
The uptake of 90 Sr by unfed Bi tl}"ynia tentacula ta ,,_,.as 
studied for 5 weeks in calcium concentrations varying from. 
++ 0-80 ppm Ca • 1l'he experiments vvere non-aerated and were 
kept. in a well ventilated but dark cupboard for the dura.tion 
·of the experiment. 
The mean fresh V'ieight of the snai'ls was 0.2601 g and the 
. 1.\'. 
F1V:.DW ratio was 3:1. 
A c·ontrol experiment was set up in the light, i.e. 
normal laboratory conditions. 
The results are plotted as li.F(FW) against calcium 
concentration in Figure 10'7,.. It can be seen that the up-
take in the light is higher than in the dark. This suggests 
that darkness has a retarding effect on the uptake of 90 Sr 
by sna.ils. 
The te.m..p.e-1--Q..t,A.:te.. of the.- Sokb:.ons Inside. tb.e.. eu.f-boa:•·c:L 
Wo-s 15~+o 1.~ 0 (. 
50 
20 
A.F(F. W) 
~0 
-1<2>1-
Fi gure 107· 
+ 
________________ ) 
,- --
0~--------~--------~--------~---------
0 20 60 
:? .?··· c ~--:--:-
Tl e upt:::::::e o-!: 0Cl Sr by 'i_t~~~-J;·3ll_tr.c·, _:-.:::__. 
in dar!cness ( +) ancl :.n the :!.i::;:1t ( ) 
Each point is t ne n~r:. of 8 .:: .... . c.in:?;s 
A-~ (FW) qoS .,._ ±o..sed. on th:te..e w~ cou.vJ;"s 
80 
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!_xperimel!.:= 17 . 
!b;~upta]<:e of 9Q __ Sr ~~gans_2~-~~f~d___hl ViY.iPB;~~ vi!~!.:~ 
and (bl~:!-.~1.!!@:.~~-.E.tag,nalis 
(a) The uptake of 90 Sr by various organs of V!Y.~~~~~-vivt2~~ 
a£ter 24 hours in the isotope is summarised in Figure 108, at 
B. 22: ppm Ca ++. 
(b) The uptake of 90 Sr by various organs of Li~~_.Et~~~~ 
at i4 and 48 hours in the isotope is summarised in Figure 109, 
at 2.19 ppm Ca++ ++ and 2.74 ppm Ca • 
The results of (a) show a marked distribution in favour 
of the organs containing calcium • The marked significance being 
that the operculum has the highest 90 Sr A.F(~~). Organs furthest 
away from the aqua·tic environment have low AF'(FVT) e.g. di-gestive 
gland, while organs having areas in direct contact with the 
surrounding medium have fairly high AF{FW) e.g. mantle ancl reproductive 
openings leading to their respective organs. The AF(Dw) ancl activity/g 
were calculated, since so~e research workers use these figures. Since 
the activity of the aquatic environment is continually changing due 
to ion-excha:r:~.ge with the walls of the glass vessels and the water, 
the activity /g measurement often, 
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fluctuates and is not a reliable figure to compare results. 
The AF(DW) is erroneous, since the % 'Nater possessed by the 
various organs varied considerably, e.g. the shell has a low 
'fc, of water, while the body has a high )L Since the organism 
lives in an aquatic environment, it is more reasonable to 
expres:s results in the form of AF(li'\iV), which takes into 
considera ti·on the a.cti vi ty of the environment, ah~ tb.ij;: this 
must bG quoted in relation to the calcium concentration of 
the surrounding medium. 
(c) The results show that the shell takes up more than any 
other organ in the body. ~he digestive gland has a high 
ini tia.l .AF(FW) 'Nhich rapidly diminishes to that of the body. 
The mantle region presents a great surface area to the isotope 
solution and would therefore fa.vour the adsorption/absorption 
of the particulars y+++ ion rather than the ionic Sr++ ion. 
The digestive gland of Limnae:1 has calcareous granules in 
it which aid digestion, and tha fit;ures suggest that the calcium 
pool in the body of Limnaea is continually changing - a high 
AF(FW) denoting a low calcium concentration and irice versa. 
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+ 24 hours· + 48 hours 
CJo s ... ~F ( r=.v-.~) '\o s~ M-7~=w) 
Shell 25.9 51 
body 6.6 6.5 
digestive gland 8.9 5.5 
-
mantle 6.5 1.0. 2. (heart & kidney) 
++ Ca ppm 2.19 2'.74 
mean vrt. 
' 2. 83:1~\': 2.0585 
of 5 snails (g) 
Figure 109. 
Uptru{e of 90 Sr by various organs of L~aea stagnali~. 
Readings, mean of 5 snails. AF(mv) 90 Sr based on 
three~ weeks figures. 
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Experiment 18 
The uptake of 85 Sr by egg cases of Limn.'Of.ea pereger 
The egg cases were from 2. breeding aquari~ containing h 
pereger. They were placed in var·ying calcium concentra. tions 
·for a period of 28 days, under· aerated conditions. The 
results are expressed in Fig1:1re llQ and the uptake of 85 
·Sr in Figure 111. 
It caft be seen that fro~ Figure llQ, that there is a 
decrease in l~F(F\'i) i;Vi. th increasing- calcium concentration, 
++ particularly above 74.7 ppm Ca • 
The expression from the log plot in Figure 111., is :-
log AF(FW) 85 Sr 1.6 - 0.5 log Ca++ ppm. 
-
-
·AF(FW) 11.25 11.35 5.08 1.75 1.82 
a -- -- -~ !---·~-- 11:'~-W" Calci"Lun level I 7-59 13.9 74-7 303.2 645.8 ca++ ppm 
I 
-=-..-~ ...... ~- ·~ .. ··-"CCbili4'!4 ........... -
-·-
..... .......,.,. ~:s:=or"«.'to.~ Fresh weight 
,0.4576 of egg cases g 0.8819 \ 0.4408 0.5907 0.9383 
Figure 110. 
Table of results, on the uptake of 85 Sr by the egg cases of 
Limnaea pereger after 28 days, at varying calcium levels. 
0 0.5 
The u:9tai:e of 65 Sr b~" 
:l..O 
err.· 
"-' 
cases 
Eac point is t e ~e~n o~ G. 
1.5 2. 0 2.5 3 .0 
.. 
.... ·- ...,~,_._ .38 l 
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~xperiment 19 
Injection Experiments 
These experiments werc:J designed to find out if the isotope 
moved from the body to the shell, and whether the food con-
tributed to the isotope uptake in hmnidity experiments. 
,('a) The uptake of 85 Sr by Limnaea auricularia, by in,jection into 
the foot 
The results are swamarised in Figure 112. It can be . 
concluded from these experiments that after 2 days, that a 
substantial amount of the activity of the isotope is found in 
the shell, i.e. ·10 times as much in the shell as in the body. 
This is significanty since th-:s isotope could only have ~et to 
the shell through the body, and not by uptake from the normal 
surroundi11g aquatic medium. 
-
.Activity j ~Limnaea Fresh 1b of FW Activity/g Ratio Solid~ Auricularia Weight g of snail (solid count (acid count) Acid 
snail 0.3942 
-
687.5 -
-
shell 0.1182 ; 30 1835.3 823.8 2.2:1 
i 
' 
···-·- .. -. ···- ·- . -
body 0.2176 55-2 17 3 .9 86.5 2.0:1 
Ratio of Ratio of 
she1l:body shel1:body 
10.6:1 9.5:1 
Figure 112. 
Uptake of 85 Sr by L~mnaea auricularia, by injection method in a 
atmosphere, at 2 days. Readings are the mean of 6 snails. 
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Experiment 12b 
The uptake of 47 Ca and 47 Sc by Limnaea auricularia~ 
injection into the foot, in a humid atmosphere 
The results are summarised in Figure 1·1·3· 
These results show that scandiwn If!: .8: calcium· 47 are 
~ 
taken up rapidly by the shell. The Sc:Ca ratio for the 
·body being a half that for th£l shell after 2 days. 
The activity per gram of 47 Ca in the shell is 
comparable with the uptake of 85 Sr on page 1~8. This 
would suggest that strontilun follows the same path as calcium. 
-190-
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L.auricularia Fresh :Weight ~i FW of· Activity/g Activi ty/g Ratio ~11 g. snail Sc Ca Sc:Ca 
snail 0.1485 - 3866.6 1156 3 . 1 . 
shell 0.0796 57. 2375 837.5 2.8:1 
body 0.0586 41.8 6440.6 1264. I 5 . 1 . 
Figure 11.5. 
Uptake of 47 Sc and 47 Ca by &imnaea auricularia, by 
inJection method into the foot, after 2 days. Figures 
are the mean of 4 snails. 
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Experiment 19 c:. 
The uptake of 85 Sr by Limnaea auricularia feeding on 
contaminated lettuce in a ~umid atmosphere 
The isotope was injected into the mid-vein of the lettuce, 
and the snails were carefully placed on the lettuce vvi th foot 
resting on the lettuce, after making sure that no isotope had 
leaked onto the surface of the lettuce. 
The results are swnmarised in Figure 11~. It can be seen 
that over 3 days, that the1·e is an inc·rease in the activity of 
the snail, shell and body. The uptake by the shell at 2 days 
being 6 times that of the body, and at 3 days 8 times as much as 
the body. 
The effect of feeding in the tra·nsference of isotope from the 
body to the shell, .is less effective than injection, (see page 
188). 
'I'he results from the ~njection experiments prove that :-
(i) · the isotopes 85 Sr, 47 Ca and 47 Sc are transferred from 
the body to the shell of Lim:r..a.ea auricularia, and 
·· (ii) from contaminated food to the body and. then to the shell. 
The difference in accumuh. tion suggest that the~.,<:, J 
molluscan membranes function as a 1 sieve 1 , i.e. there are active 
sites or pores ·where similar elements of similar ionic radius, 
i.e. calcium and strontium, compete. for passage through the mem-
brane. IJ:'he e 1 emeh t wi ·Lh the sm.:..ll er ionic radius or hydra ted 
0 
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ionic radi~s passes throus;h the membrane quickest arid 
therefore the rate of upt'ake, activity per gram or 
A.F. is highest. 
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Experiment 20 
The uptake and release of 89 Sr by dead shells of Limnaea pereger 
The uptake of 89 Sr by shells of dead Limnaea ,·pereger was 
studied over a period of 28 days in distilled water. The shells 
were drained before being placed in fresh distilled water for a 
further 42 days. 
The mean fresh weight of -Ghe shells was 0.4330 g. '11he 
isotope was allowed to equilibriate with the glass walls of the 
vessel for· 4 days' before the snails were put into the isotope 
solution. 
The results were plotte.d as :-
(i) corrected cpm of liquor against time in Figure 115. It 
can.be observed from this plot that, over 28 days there is a 
los.s · of 500 cpm per 10 ml sample. The shells were placed in 
100 rnl of isotope, so that there is a drop of 5000 cpm after 28 
days. Aft.er 28 days in fresh distilled water there is leaching 
of 89 Sr from the shell into the water, in tho order of 497 cpm 
per 10 ml, or 4970 cpm per lOOml. This means that nearly all 
the isotope that the shell took, is being leached back into the 
water. 
At the same time, there is calcium being lost by the shell 
-6 I into the external environment at the rate of 3.1 x 10 g day 
during the period of uptake. During the period of release of 
isotope, there is still calcium leaching from the shell, but at 
5000 
2000 
cor ected 
cpm 
1000 
0 
-1S5-
~ 
? fo / 
/ 
I 
>I 
/ 
/ 
..e- - -ef 
0 20 t1.c-O 60 
Time, in days 
::_l'icure 115. 
Plot: corrected cnm of the liauor a.:.;ainst ~i:::o;;;, 
in days. The uptake and release o~ 89 S_ by 
L. pere[;c:r ( -~-). The leaching o~ calcium is s!-,orm 
by the clo2:;ted ·line joinir<; t!1e to 1 :points. 
1 X 1 is r:hen t:1e shells are placed in ~resh 
distilled. ·::·o.ter. 
Each point is t~e mean o~ 8. 
·.' 
80 
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log 
A. F(F.7) 
LO 
0 ~----------.----------.--------~ 
0 2.0 3 . 0 
Plot: loc A.'J'(?.'T) a:;ainst lo,: calc::..um 
concentrc:. tion. The up-ce _:e of' 5S ...: :::- ':IY 
dead shells of L. D3l'Cf<'A!'. 2ach ·!)oint 
is the w.can of 8. kf[FW) 8/S l- -b~ed 
ot1 Un-e,e. w e..Q)( c.o ~ 
· Figt;re 1::16. 
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-6 / a rate of 2.7 x 10 g day. 
(ii) a log plot of lo.g AF(FW) of the shell vm.s plotted against 
the log of the calcium concentration of the surrounding medium 
in Figure 117. 
'l1he expression fro~ the plot i~ Figure. ll·a, is :-
log A~( FVi) ++ = 1.65 - 0.4 log Ca ppm 
89 Sr-
At the end of the experiment, there is still isotope present 
in the shell, despite leaching of calcium from the shell for 
42 days. The AF(FW) at the end of 77 days ~s 4-54 compared 
with the AF(DN) of 21.47. 
Tr~se results suggest that 89 Sr.is incorporated in two forms 
in the shell of L.pereger, i.e. in a combined state with other 
compounds present in the shell which does not leach,and in an 
uncombined state which does let:t.ch. 
These experiments prove that dead shells play an 
important part in the exchange system in an aquatic 
environment for isotopes as well as for normal calcium enchange. 
It is important to realise that in these experiments on dead 
shells, that there are no dynamic processes involving energy 
relations characteristic of living organism, e.g. ATP production. 
The shells behave as a physical ion-ei_change system .• 
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Experiment 21 
T'ne uptake of 90 Sr by dead shells of Limnaea stagnalis 
The uptake of 90 Sr by shells of L.stalinalis wasistudied 
over 126 days in varying calcium concentrations, shovm in Figure 
111:'7-. 
AF (FW) 
Initial 
Calcium level 
++ Ca ppm 
34].1 
0 
335.9 297.2 148.6 
5 10 66 
t------'- ·--------- ···----------+---,------------ ------·----
Final 
126.6 Calcium level 21 5 3J 7 I 37 9 
t--------1---,;,__-· -- ! . • • 
!Difference in I- --,---+----~=-----
Ca -=• ppm -~~·5 __ -~6.7 ---r-~~~--~---6-o ________ _ 
~ean rate of 
~oss of 
!calcium 
-6 I 
l7 ~~O g; 21.2 X 10-6 22.14 X 10-6 47.61 X 10_6-
Figure 11'7.. 
Table of results, of the uptake of 90 Sr by shells ?f L.stagnalis, 
at 126 da~s. Af(Fw)'io5+-~ e-vv th~ee we€.)(_ coul't-~. 
T)le results were plotted as a log plot of .AF(FW) 1 ~n Figure lW'J 
against calcium concentration. The expression from the plot is:-
log AF(FW) = 3_.25- 0.45 log Ca++ ppm (at 126 da.ys). 
90 Sr 
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3. 
-,- -----------
A I J_.-~ 
0 
0 0.5 1.0 1..5 2 . 0 2.5 
-'--'-loG Ca. · · :p::_;:-:1 
I'i;::;ure 11S. 
Plot: loc A.F(7.'.') against loc: calcium. concent:.~atio~ . 
The u~;take of' 90 Sr by shells of Li-nnaea s-7;::..snalis, 
at 136 days~ kf (r:w)C!oS ...... hse..d.. OY\. 3we.e..i(. C..olu1...ts 
·-
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The slope of uptake is similar to that obtained for 
L. pereger, see page 197 , which suggests that the shells 
have the same chemical composition. 
The shells vvere leh in for a long period of time to see 
if the accumulation of the isotope would be greate;r than iri 
Experiment 20 • This is so, since the maximum from the log 
plot has increased from 1.6Sto 3.25. This could be accounted 
for by the i~1creased size and thickness of the shell of 
L.stagnalis. This ts shown, when one compares the rate of 
leaching of calcium in these two species, L. stagnalis 
leaches at a rate of 17 x 10-6 g Ca++ I day at 21.5 ppm Ca++ 
L I 3 1 - 6 c ++ I compared with .pereger s rate of • x 10 g a day 
++ below 10 ppm Ca • 
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Introduction 
The concentration of strontium in natural waters has been 
found by L,ohammer,(l.938), .r:Phompson and Chow, (1955a, 1955b, 1963), 
Odum, (1955, 1957a, 1957b), Ichikawa, (1960, 1961, 1962), and 
'l'empleton and Bro\'m, (1964), to be related to the amount of 
calcium present. The relationship is expressed as a Sr:Ca 
ratio, in units of number of atoms of each element present. 
The Sr:Ca ratio for sea water is 9.0:1000 compared with 
2.45:1000 fo:z;· fresh waters. Thus the amount of strontium 
present in fresh water is small. Sidgwick, (1962) states 
that calcium is the commonest metal in the earth's crust 
(3.63%) after aluminium (8.8%), and iron (5.1%). Strontitun 
forms 0.042% of the earth's crust, i.e. 1% of that of calcium. 
Robertson, (1941) quotes values of 0.002 g/1 of calcium for 
soft ·water (fresh \Vater), 0.064 g/1 of calcium for hard vvater 
(fresh water) and 0.403 ·. g/1 for sea water, of waters in and 
'· 
around Great Britain. Odum, (l957b) quotes values of 0.1 to 
0.5 mg/1 of strontium for a. variety of fresh waters in North 
America. 
The relationship between calcium and strontium in natural 
\vaters, is illustrated by analyses of the shells of a wide 
variety of fresh vre.ter, marine and terrestrial molluscs. The 
shell of molluscs is mainly calcium carbonate, which can exist 
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in three crystalline states- calcite, aragonite and vaterite -
in a protein framework of conchiolin. It has been found that 
the aragonite crystal type shell contains more strontium than 
the other types. (Fox & Rarnc:,ge, 1931; Trueman ,1944; rrhompson. 
and Chow,l955a; l955b~ Wilbur~l964). Furthermore, the aragonite 
type shell is characteristic of the marine molluscs, and the 
calcitic type shell of the fresh water molluscs. There are, 
however, intermediate type crystals - calcite-aragonite 
mixtures, which overlap both salt and fresh waters. In 
marine waters, the aberrant group of radiolarians, the 
· Acantharia, have a predomina;pe· of celestite (Srso4 ) in their 
skeletons (Odum~l951). 
The calcitic shell of' Limnaea stagnalis has 99. 6'!; of Caco3 
in the inorganic structures of the ~hell, and 3.04% of 
conchiolin in t'he organic structures (rraylor, 1894). Although 
certain ions influence the various crystalline states of CaC03' 
e.g. the presence of strontium influences the formation of 
ar~gonite crystals, i"t does not. mean that it will be included 
·within the crystal itself (Kitano, 1962, Kitanoetal.,l962). 
The snails studied in this research work are mainly calcitic 
types. The reason for strontium being present in the \'\later 
in trace quanti ties may be the.t a high concentration of it is 
toxic to fresh water organisms, (Thompson and Chow,l955b). 
The importance of radiostrontium is today extremely g·reat 
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due to its presence as a fission product from atomic 
explosions and nuclear reactions. It enters the earth 
through (i) the atmosphere and (ii) rainfall which cause 
pollution of rivers, canals etc., and the ground. Among the 
300 isotopes produced by nuclear fission, 90 Sr - 90 Y forms 
5.9% of the fission yield and 89 Sr forms 4.87~, so that 
radiostrontium forms altogether 10. 7% .... of the fission yield, 
(Bowen,l959). Besides the fission products, neutron rich 
elements are formed, e.g. 45 Ca. The fission products are 
normally trace elements, while the neutron rich elements are 
essential for both plants and animals. Although radio-
strontium may constitute the most serious direct hazard to man, 
because of its long half life- 28 years for 90 Sr- and its 
accumulation in skeletal structures, the effects of fission 
products on shorter lived biota, e.g. Mollusca, may also 
ultimately be of importance to man because of the food chains 
involved. r.rownsley (1963) and Tovmsley, Reid, Ego (1959) have 
determined that 10 times as much water passes through the 
epithelia of fresh water fish compared with marine fish. 
Therefore, the quantity of radionuclides in fresh water 
presents a greater contamination than the same quantity in sea 
we.ter. in fish. This is probably true for fresh water 
mo~luscs, especially those which have a gill system for respiration. 
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Discussion of experimental conditions 
(a) Temperature 
0 The temperature of the experiments was kept between 18-22 C. 
Imai (1937) and Vl"ilbur (1963) found that although there was 
rapid growth of the shell of Limnaea pereger between 22-28°C, 
th f . 1 h 11 · t · t 18°C. e ~na s e s~ze vJas grea··es·c a Wi 1 bur & Ovv-en 
(1964) state :that feeding ceases below a given temperature 
for molluscan species, when the digestive tract becomes empty 
and grovvth is slow or absent. Bacq & Alexander (1961) showed 
that t}fe temperature affects the radiosensitivity of biological 
systems, i.e. that warm blooded organisms are more sensitive 
ta radiation than cold blooded organisms. 
(b) Hydrogen Ion concentration (pH) 
The pH in the experiments with allthe species of snails 
was found to be between pH 6.5-6.8. Boycott (1936) states 
that there are virtually no fr.esh wa.ter snails found in ':vaters 
below pH 6 or less in Great Britain, using B.D.H. Universal 
Indicator. Limnaea pere~er will die ~t pH 5.6. 
The pH of the isotope solution must be kept slightly 
acid, i.e. pH 6.5-6.8, since at higher pH values the isotope is 
adsorbed onto the surfaces of the glass vess.els. (Wilford at al, 
1962; Pickering 11964). If the alkali solution is acidified, 
then the activity of the isotope returns to the solution from 
the walls of the glass vessels. 
· (c) Darkness 
The experiment on the effect of darkness on the_ uptake of 
radiostrontium -by unfed Bi thynia tentaculata, (page 180), 
indicates that darkness retards uptake. The temperature in 
the cupboard is lower than in the laboratory, so the..t the 
lowered temperature could have reduced the solubility pr·cduct 
.of the calcium carbonate, which would iimit ion-exchange and 
would result in lower upta..ke. 
Gareau (1959) fouxjd that darkness decreased the uptake of 
45 Ca by corals, and stated that there was an increase in the 
calcification in th~ light. 
Brovm (1963) reports that constant darkness· reduces the level 
of·calcif:l.cation in the tissues in fish. Felitchenko (1962) 
reports that higher light intensit'ies increases the metabolism andthe~te 
increases accumulation of 90 Sr by fish. 
Callander (1930, 1941) studied Ohara and other higher plants 
and found that the uptake of radiostrontium wa.s stimulated by 
light, :rvi th the new alkaline earth elements being concentrated 
in the grow:i,.ng cells. 
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i~L~!?~!!~ra tio~ of' t£~ . i so~.QJ?.~ in the surrou~!'!l-.1lti m~~ 
·The question to vrhat extent the accumulation of radioisotopes 
by organisms is related to the concentration of the isotope in the 
surrounding medium is a matter of controversy in the literature. 
H~a & Ichikawa (1957), have reported that marine fish in 10 uc 
90 Sr/litre accumulate 10 times as much isotope as fish in 1 uc 
90 Sr/litre. Prosser (1945) however, states that the uptake of 90 Sr 
and 137 Ba by· goldfish is independent of the dose of 90 Sr. Towns·ley 
(1959,1963) found that in the euryhaline teleost -Tilipia mossambica-
the uptake of 89 Sr in ~1e tissues did not correspond to the multiplies 
of 1, 10 and 100 of the dose in the medium. Rosenthal ( 1956,1957a, 
1957b, ~958, 1961) states, that in the fish, Lebis!~~' the rate of 
incorporation of 45 Ca and 90 Sr appears to be a function of the 
concentration of the nuclide in fresh water, and that the rate of 
uptake of 45 Ca, 90 Sr and 35 S is logarithmically related to the 
activity in the medium. 
The concentration of isotope in the present work was 
a~proximately 0.25 uc per 250 ml of medium. Since the concentration 
of the isotope in the medium in the experiments· was similar, then the: 
results are comparable. 
If the activity of the snails increased in proportion to the 
activity of the medium, then the Accumulation Factor (AF) is 
independent of the activity of the medium. (Kevern,1964; Polikarpov, 
1958). 
The concentration of the isotope in the solution, also 
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determines the dose rate i.e. the absorbed dose of ionisine 
radiation. This is the energy imparted to matter by ionisin3 
particles per unit mass of irradiated material at the place of 
inte~est, and termed the rad (Taylor, 1957). 
Organisms vary in their sensitivity to radiation, much 
more \rldely than the cells of which they are constituted. In 
general, the more coM]lex the ortianism, the more vulnerable it is. 
It takes about 10,000- 20,000 r to kill a snail (Lindop,1961) and 
600-700 r to kill man (Bacq & Alexander, 1961). These figures, 
are the dose of radiation ;rh:i.ch kills 5<J,i of the ore;anisms within 
50 days, and is knorm as the L. D. 50; 50• The dose which molluscs 
can withstand is very hi~h, and because of this prope~ty, are 
suitable or~anisms to study the uptake of radioactive isotopes. 
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(~ Radioisot2£~~~~ed 1P th~e~eriments 
i~bi ttinLisoto_pes 
\ 
Both 89 Sr-and 90 Sr are ~~emitting isotopes (page 17). 
89 Sr cannot be obtained as a·. pure sample, since in the production 
of it from 255 U, some 90 Sr is formed as an impurity.(Radiochemical 
Manual, Part II,1965). 
The half life of 90 Sr is longer than 89 Sr, and over a. 
period of time, the percentage of 90 Sr in the total activity of the 
mixture of 89 Sr and 90 Sr, increas·es. 'l'he amount of 90 Sr impurity 
in the 89 Sr can be determined by a self absorption plot and the 
amount express·ed as a percentage. The 90 Sr present as·. an impurity 
decays by~ -emission to 90 Yttrium, which has a half life of 64. 2; 
hours, and this dec~s to stable 90 Zirconium (Lucas,Pickering, 1958) • 
Thus the initial count on the acid extraction of 89 Sr is a. mixture 
of 89 Sr, 90 Sr and 90 Y , as shovm in Figure 118 cv • The efficiency 
of the~-counters will be e,-reater f~r the higher energy beta 
radiations i.e. 90 Y (2.25 MeV) and 89 Sr (1.44 MeV). 
As time proceeds, the activity of the 89 Sr decreases due to 
decay to 89 Zr, and the 90 Sr present decays to 90 Y. After 5 weeks 
any Y 90 original~ present in the snail coming either from the 90 Sr 
in the snail or from 90 Y in the water will have decayed, and will be 
replaced by an amount of 90 Y in radioactive equili-brium with the 
90 S~ in the snail. The final count i.e. at three weeks, represents thE 
89 Sr and 90 Sr in the snail at the time of separation from the water. 
90 r ~ 90 Y fron 90 , r 
IC..-------------------· ( quilib ium) 
90 y 
90 Y has de~:J' 
89 has deca;~ 
-e.cl 
ctivit 
89 r 
0 3 wee s 
Time 
igure 116 o.t . 
he com~osition of a solution of 89 r at tine of 
ext_a ction is compa ed with t hat at t~e end of 
t hree weeks . Plot of t he ctivity of t he isotope 
ainst Ti ne . 
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The value which one attaches to the initial count i.e. the yttrium 
strontium count, \Vhich need not be in radioactive equilibrium,must 
be treated carefully. The initial counts were plotted to see if there 
was any correlation with the strontium counts i.e. the final counts 
at three weeks'. The initial c·ounts are always higher than the final 
counts·., and this does sugt5est that the yttrium is being taken up 
from the water and d.oes not all originate from the decay of' 90 Sr 
within the snail. 
In 90 Sr solutions, the initial count is again a yttrium-strontiw 
count, which must be treated carefully. The final count i.e. at three 
weeks, represents the strontium count. From Experiments 1 8: 2, the 
results for 89 Sr and 90 Sr are similar, and suggest that 89 Sr 
behave·s in a simiJ..ar \Vay to 90 Sr. 
_(~ ~ tt!"l>.~!.'!E!?.!! 
85 Sr is produced in the following way, 
1 
+ n 
85 v 
= Sr • Q 
85 Sr is a·'(-emitting isotope ( page 25) and decays to a;. very short 
lived d:aughter isotope, 85m Rubidium. 
85Sr --------------) 85~b 
t/2 =51 days 
85 ----------------~ Rb 
t/2 = 0. 9usecs. 
metastable form of 
Rubidium 
·.• 
; ... 
. ~·~··~ 
~ 
.. 
-..: . 
..... 
. , 
...... 
i ... .. 
Since 85m "1ubidium is such a short livecl isotope, the acid 
extraction of a sTia:tl !!lay be connted after 7.2 usecs i.e. 8 half-
lives. The corrected count rate is therefore a strontiurJ count. 
Since 85 Sr is a~ -emi ttin:; isotope, it nay be counted in li vin5 
snails. Uptake may be mee.nured in the sd..l'fle snail at intervals of 
time and this cannot be dJne with 89 Sr and 90 Sr, since the snails 
have to be killed before counts can be made. 
The difficulties due to geometrical shapes of the snails 
were taken into accQunt and minimised ( see pages 69-71). 
The results obtained nit~ 85 Sr are in good agreement with those 
of' 89 Sr ana. 90 Sr. The diffe:.·ence in :r.1ass between the strontium 
isotopes does not seem to ~ffect their u~take by snails. 
47 Ca is also a~-emittinc isotope ( pa~e 25), and as in the 
ca.se of 85 Sr, one has the advanta.'~e of being able to measure the 
activity in a snail at intervals of time. However, 47 Ca has a 
much shorter half-life than 85 Sr, and. its daughter isotope 47 Sc 
has a half-life similar to its parent ( page 25). Thus one has the 
compli.cation of separa.ting the calciuD. count from the scandiwn 
count ( pages 50- 48) • 
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<t) Surfacing of the snails 
During the experiments it was observed that the molluscs, 
especially Limnaea truncatula, came to the surface of the medium, . 
and in some cases climbed out of the medium. Tnis was 
immediately noted and. the snail pushed back into the medium by 
means of a plastic rod. Ophel and Juad: (l962)'found that 
there ilvas no significant diffex·ence between the concentration 
of 90 Sr by partially or totalJ.y immersed goldfish under the 
same experimental conditions. 
Discussion of the experimental results 
Templeton and Brovm (1964) and Lucas ancl Pickering (1962) 
in their papers on the uptake of radiost~ontium· by trout and 
fresh water algae respectiyely, state that many investigators 
have reported data on the degree of accumulation by biota, but 
fev.,r have related their results to the calcium and the strontium 
of.the medium or the food supply. 
Od (.19 ) .!. • II h .-. 'c t • . U.lll 57 s .. ates that, · t e ;;;rJ a ra ~o ~s characteristic 
of a species· of a taxonomic group only when grown with a 
characteristic Sr/Ca ratio in the external medium or food supply." 
He also states that plants had a similar ratio to that found in 
the medium around the cells or the roots. 
'rhe experiments were in th~1 main vd. th snails from the same 
~habitat and that the uptake of radiostrontium and radiocalciu.lll 
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YJas related to the calcium concentration in the medium. The sto.ble 
st"o"'ti""m. WIJ.S not deie+-mlned owinq i"o lnsu,ffic.•er'IX o-.pj:v.:tc:tlw.;. (i) Provided that all the strontium in the fresh water 
molluscs is exchangeablo, then it is possible to measure the 
awount by allowing it to m~change vvi. th radioactive strontium 
added to the surrounding medium until an equilibrium A.F 
is ret::.ched. 
Timofeev-Resovskij (1958) states that equilibr·ium is 
reached in 14 days, ~~th 90 Sr uptake by_Limnaea stagnalis; but 
there is no mention of the caleium concentration in the 
medium. 
It can be seen from the uptake of radiostrontium by 
Limnaea pereger (pages 78 & 94 \ ;,that equilibrium takes longer 
to attain at lm:v calcium concentr:;ttions. ++ Above 20 ppm Ca 
the .AF(FW) is related to the time taken to reach equilibrium. 
(ii) The plot of the slope; i.e. of the log regression of 
A.F(FW) against calcium conc.:ntration,ag·ainst the calcium 
concentration of the environment is shown in Figure 119. The· 
straight line that is drawn through the points shows that the 
previous history of the snail, in this case, the environment 
where the snail Vi'"c:!.S bred, is extremely important in determining 
the amount of radioisotope that it takes up. 
(iii) The results show that the uptake of radiostrontit~ and 
radiocalcium, as measured by the AF(FW) of Limnaea and Bithynia. 
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species, is higher at low calcium levels than at high calcium 
levels. 'rhi s dependence of uptake on the concen~.;ra tion of 
calcium in the medium has been observed by irl\r.estigators in 
different aquatic organisms; Prosser (1945), Kirpichikov 
(1956), Rosenthal (1956, 1957a, 1957b, 1958, 1960), Oguri (1961), 
Ophel (1963) and Brown & rrempleton (1964) in fresh water fish; 
Boroughs, 'l1ovmsley & Hiatt (1956, 1957) and Schiffman (1959) in 
marine fish; Fretter (1953), Odum (1957), Ichikawa (1961), 
~mchline & Templeton (1963) in marine molluscs; Schoffeniels 
(1951), Asano (1956), Bevelander (1952), Gong (1957), 
Timofeev-Resovskij (1958,. 1959), Van d.er Borght (1962, 1963a, 
1963b); Nelson (1963), Van der Borght & S.van Puymbroeck (1964) 
in fresh water molluscs; Gilera (1960), Lucas & Pickering (1962), 
Jayson & Pickering (1962). in fresh water plants, and Glaser 
(1962) in plankton. 
(iv) In the semi-log plots of AF(FW) against calciu.rn concen-
trations in the medium for both unfed and fed, the uptake of 
radiostrontium and radiocalcium is calcium dependent, 
++ particularly below 56 ppm Ca , dependent on the mollusc species 
and whether it is fed or unfed. The change in slope in the 
semi-log plots would seem to suggest a lo1JVer limit to the 
concentration of calcium which the species can vvi thstand in 
.its natural envir·onment. 
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Prosser e~ al (1945) noticed such a chan~e, at 36 ppm Ca++, 
occurred in the uptake of radiostrontium_by goldfish, and 
Vander Borght (1963) noted 30 mgjl in L.sta:gnalis (unfed). 
(v) Uutake by whole snails 
In the log plots of AF(F'~~·) against the ·calcium con-
centration of the medium, two significant results have be~n 
noted. 
(a) That in Limnaea species, there is a 'two-line' plot for 
.:bhe unfed snail, which changes to a 'one-line' plot for the 
fed snail. This implies that the food ".:"ihich the snails eat 
is having an effect on the rate and <;~,ccumulation of radio-
strontium and radiocalcium. It vvas noticed. that lettuce ·was 
more effective than Elodea, in bringing about this change in 
· slope in Limnaea pereger (see pa·ges 9 7 and 104 ) • ~his is 
probably due to the differen·tia.l availability of calcium from 
the plant foods, (Hugot & Causeret 1957). 
The change in slope can bEl interp~etecl in Figure 12(). 
The experiment vdth Elodea on page 104, shows that ·there is a 
change occuring, since it takes longer for the Elodea to have 
an effect, than the lett.uce, (see page 110). The· effect of 
lettuce vnth radiocalcium and radiostrontium is the same, since 
the difference in the slope of the regression plots fo~ the fed 
log 
AF (FIV) 
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and unfed snails is approximately the same,· (Figure 121). 
Slope 85 Sr 47 Ca 
Fed snails 
-0.85 -1.05 
Unfed snails -0.40 w0.65 
Difference 
-0.45 -0.40 
Figure 12:1~ • 
Slopes of the regression lines for fed and 
unfed Limnaea species for radiostrontium 
and radiocalcium. 
The change from the 'two-line' plot to the 'one-line' plot is 
also seen on page 142. , on the effect of feeding on Limnaea 
auricularia. The food source being vva:tercress. 
'I1he plant material contains calcium which is leached into 
the water,· and is taken from the water by the snail as well 
as abstract:L.ng it from the ingested food. This additional 
source of calcium vall generally lower the ~\F(FW) at low 
calcium levels, but at the same time there will be increased 
uptake by the body and the shell of the mollusc. Another 
source of calcium is from the digestive gland, as increasing 
food uptake causes secretion of' calcium from this gland. ( Granl960). 
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Vlagge (1951) states that for calcium to be deposited the 
food supply must contain proteins and calcium, and that calciwn 
is not" laid down in the absence of the other.- This protein 
is found in the food together with the calcium, and could 
stabilise the leaching of calci'Lun from the snail. 
(b) The rate and accumulation of radiostrontium and radio-
calcium by whole snails of Bithynia tentaculata in the unfed 
and fed state is a 'one-line' plot. There is np evidence of 
another line in the log plot of AF(FW) against the calcium 
concentration of the medium. 
The uptake of radioisotopes by Bithynia is much less than 
that of Limnaea species at low calcium concentra:bions in the 
medium. 
. - l~foO 
This v~s observed by Timofeev-Resovsky (1951; and 
Glaser (1962), but there ''ra.s nu mention of the calcium 
concentration of the medium. This fact seems to indicate some 
fundamental physiological difference between the two genera. 
The chitinous operculum present in Bithynia, but not 
in Limnae~, closes when there are adverse environmental 
changes, i:.e. low calcium cone;entra.tions in the medium, thus 
pr·eventing access of radioisotopes to the body, (Potts & 
Parry 1964). 
Scheer (1957) states that Bitbynia species has a low 
pr-otein concentration in its body fluids, and therefore unlike 
L~mnaea, does not need much protein in its diet for the 
deposition of calcium in the shell. 
\. 
Robertson (1963) states that Bithynia can withstand lower 
salinities, i.e. 6°/oo, than Limnaea pereger 10-11°/oo. 
Limnaea is probably iso-osmotic with the medium at these low 
salinities, which could account for the high AF(FW) found at 
these low calcium levels, since there vvould be rapid exchange 
of isotope for the calcium pre:;;ent in the snail. im 
indication of the osmotic effect is shown by the decrease in 
the amount of body fluids in Limnaea pereger at high calcium 
levels in the medium, which is shovm in Figure 122. 
The increased uptake in Limnaea species is probably 
associated with the richly vasoularised gill.:..less mantle 
cavity, and the adsorbed isotope is quickly distributed via 
the thin walled blood vessels to the rest of the body. 
It' is probable that the snail requires some time for the 
internal environment of the snail to become adjusted to the 
change in the environment. It is likely that the snail ad-
justed to an environment of low calcium levels and low osmotic 
pressur·e would show a more rapid rate of accumulation of radio-
isotope during the early stages of an experiment. After the 
il,fi tial period th~re is a constant accuinula.tion of isotope from 
the medium until equilibrium is reached •. 
The high concentration of calcium (more than 50 times the 
quantity of strontium in an envirOi."'lllent) wovld give dilution 
o.s 
body 
f luids 
F'T. g. 
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0 
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+ 
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Limn!lea pereger are plotted. 
Each point is t he mean of 10 snails. 
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effects on strontimn and calcium absorption. Tovmsley (1963) 
reports tha-t fish do not cliscriminate against strontium when 
the strontium ion and calcium ion concentrations are low. 
It. seems therefore, that Bithynia tentaculata exercises 
greater control than Limnaea species, at low calcium levels in 
the medium. 
(vi) The distribution of radiostrontium and radiocalcium in 
the various structures of Limnaea species, BithY.nia. 
tentaculata and Viviparus viviparus 
(a) Distribution in the shell and bod,y 
Both radiostrontium and radiocalcium were found to be 
accumulated to a grea.ter extent in the shell of these molluscs 
than in the body. This vias found to be so in Limnaea stagnalis 
by Vander Borght (1962, 1963), Timofeev-Resovsky (1957, 1958), 
Odum (1958) and in Anodonta by Schoffeniels (1951). The 
o~erculum in Bi thynia and Viviparus, which are both OlJerculates, 
had an initial higher AF(F'./1) than the shell, which decreased with 
time to below the value of the body. 
The rate and accumulation of these isotopes in the shell 
and body are higher in fed than unfed molluscs, particularly 
if lettuce is used as the source of food. 
The availability of calcium in the medium plays an 
important part in the uptake of these isotopes, since in the 
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unfed Limnaea specie.s, upt2J:e belo\v 20 ppm Ca ++ is more calcium 
dependent than above· t~is level: 
The difference in the upta.ke between radiostrontium and radio-
calcium for the shell, and body, is that there is discriniination 
against strontium by the fed snail. This is shovm in Figures· 
l23aand l.l~5b • These results show the s;o,me tr:end as Brovm & 
l]empleton 1 s vvork on the uptake of radiostrontium and radio-
.·calcium on the bone and mu:::;cle of trout (1964). 
The. uptake of dead shells of Limnaaa peref.;er gives a 
r~g~ession lin~ of:-
log _<i.F(FW) 89 Sr = 1.65 
++ 0.4. log Ca ppm 
YThile the unfed shell is, 
log AF(FW) 89 Sr 
++ ( 1.8 - 0.4 log Ca ppm above 
· 22.4 ppm). 
Since there is activi~y left in the dead shells after a long 
period of time, this does sugcest that the strontium is in tvv-o 
forms in the shell, i.e. an ionisable form which can b'e readily 
exchanged with cations in the environment, and secondly, a non-
diffusible fracUon which is probabil.y complexed v:li th the protein 
framework of the shell, (Ma~cD.i:mald, 1951; Rosenthal, 1958; 
Eisenberg & Gordon,,l961; 'Williams & Pickering, 1961; Dolphin 
& Eve,l963; Ophel,l963; Pearson,l965). 
The higher maximum suggests that uptake by livin3' cells is 
a dynamic proce'ss rather than a purely passive physical process. 
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Gong (1957), rTilbur & Joclrey (1952, 1955), Horiguchi (1960), 
and Uilbur (1964) state that the transference of ions to the 
shell is determined by the concentration of ions in the extra-
pallial fluid. Vander Borght (1962, 1963), Bevelander (1952), 
and Rao & GoldbGrg· (195tJ.) foun6. that the newly formed border 
of: the shell in Limnaea stagnalis and Anodonta had the highest 
AF( FW) of the shGll. Johnson et al (1962) observed the same 
feature in Australorbis (Planorbidae). 
The regression line of fed Limnaea pereger. is, 
log AF(F\'1) 85 Sr = 3.45- 0.85 log Ca-t-+ ppm, 
at .14 -days f'eedi11..g on lettuce. The significant point here is, 
·that. the rate. of uptake has increased by 100%, a~d that the 
maximum. has increased by approximately l007L This stresses 
'the importance of food in the diet of fresh water organisms, and 
its effect on the contand.nCL tion of those organisms v-1hich feed on 
it. These results imply, that Vihile a· large amount of radio-
isotope is adsorbed by the shell directly from the ·water, an 
appreciable amount of radioisotope is transferred to the shell 
from the body via the extra-pallial fluid. 
The higher maximUln···of the :t·egression line for dead shells 
of Limnaea stagnalis is associated vii th the greater amount of 
calcium a;railable for exchange. Tne rate of leaching of calcium 
I 1 1 ,. - . 1 o- 6 Ca++ from t 1e s 1el in =:..:...~tarr,nalis ::t.s 17 x g 
ca++," which is considerably m,)re than the:: rate of 
/day at 21. 5ppm 
)'.1 X l~g Ca++/ 
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++ day below 10 ppm Ca • This depletion of' calcium from the shell 
would account for the increased amount of radiostronti'lun in the 
shell. 
Schiffman (1959, 1960, 1961) compared the rate of uptake of 
90 Sr by trout, from food in a gelatine capsule which v:ras inserted 
into the stomach of the fish and from the surrounding medium. 
He found that food was the main route of uptake rather than the 
water in which the fish swam. V1hen he changed the food source, 
to that of the l'l!3.tural food and did not insert the contaminated 
food into the stomach, he found that the water was 10 times as 
important as a source of radiostrontium than the natural food. 
Gras (1953) noted that the deposition of 90 Sr in rats obteined 
by drinking was more than from conte.mil'la ted lettuce .• Fretter 
(1953) states that marine molluscs and polycheates obtain 90 Sr 
directly from the \-Vater as well as the food. Boroughs et al 
(1957) state that unfed marine fish can take up calcium (45 Ca) 
directly from sea ''ia ter and do not need a dietary source for 
this element. •rownsley·· (1963) found that 45 Ca and 90 Sr 
were directly absorbed by marine fish from the surrounding ·vva ter. 
'l1oniyama et al (1956) found that goldfish fee~ding on worms 
absorbed 45 Ca directly fl•orn the wa-Ger, 50 times as much a.s 
from the diet. 
Injection methods into the foot of Limnaea auricularia 
,; 
prove ifhat radiostrontium and radiocalcium are transferr·ed from 
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the body to the shell. The activity/g of 85 Sr in the shell 
after 2 days, is approximately equal to that for 47 Ca, but the 
47 Ca in the body is appro::.dmately 15 times the amount of 85 
Sr present. 1l1hi s means that the body discriminates against 
strontium. 
When Limnaea auricularia ;,vere fed on contaminated lettuce 
in humidity experiments, the amount of 85 Sr in the shell in 
2 days is less than the in:,jected snail, but more activity is 
recorded for the body. This means that the uptake of 47 Ca 
through the gut is more efficient than the uptake of 85 Sr, 
or that the gut discriminates ag;::.inst strontium. These 
resul~s.:: which ,..,ere not in an ac1ueous medium, show that the 
presence of such a medium, inc:c·eases the accumulati.on of 
isotopes in the shell. Rao & Goldberg (1954) found that 
the mucus sheet on the g·ills of j~tilus califormancus provided 
an absorbing surface for radiostrontium which is in a constant 
state of renewal. 
The high uptake by the shell in anaqueous medium is 
significant since the shell in Limnaea species only forms 
14-22% of the fresh _weight of the snail, and contains 3.3-45% 
liquid, whilst the body forms 60-70% of the fresh weight of the 
snail, of which 80% is li~uid. 
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(b) Distribution of radiostrontium in the tissues of Limnaea 
stagnalis and Viviparus viviuarus 
'11he results as measux·ed by the AF(FW) show that the 
greatest accumulation of 90 Sr is in the sl(eletal structures. 
The rank order for the '1-1ptake of 90 Sr at 24 hrs. by Viviparus 
viviparus is:-
1. · operc.ul urn 
2. shell 
3. Reproductive system 
4. mantle, kiciney and heart 
... 
5. head and foot 
6. digestive gland 
This is in agreement with 1'Iachline and •rempleton• s ·(f96~) 
statement, that tissues in contact with the medium are more 
heavily contaminated than the internal tissues. The reproductive 
system, mantle, kidney.and heart have openine;s into the mantle 
cavity, where the water is changed frequently due to the uptake 
of ox;;rgen by the gills. 
'11he rank order for the uptake of 90Sr by Limnaea 
stagnalis is:-
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® 24 hours @ 48 hours 
1. shell l;shell 
2.digestive gland 2 mantle 
. 
3.mantle 3,body 
4~body 4 •. digestive gland 
This implies that there are calcium pools in the body, and in this 
case supports the statement on page 216, that the digestive 
gland has a supply of calciili.m which can be utilised by the 
body at low calcium levels in reducing the amount of 
radiostrontium uptake by increasing the level of calcium in 
the medium. 
The distribution p.f 90 Sr by L.stagnalis is similar to that 
obtained by Brown & Templeton (1964) on the uptake of 90 Sr 
and 45 Ca by trout:-
1. skeleton 
2: gills 
3 3 integument 
4. muscle 
5,. viscera 
The gills would correspond with the mantle region, and the 
digestive gland wi.th the viscera. Further work is needed on 
the detailed uptake of radioisotopes over long periods of time 
and at different calcitun concentrations in the medium, which 
would help.to elucidate the pathways of the radioisotopes ... 
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as well as the equilibria for the respective tissues. 
(c) The uptake of 85 Sr by eg~: cases of Limnaea pereger 
'11he uptake of 85 Sr by the egg cases of Limnaea uereger 
is similar to the regression line obtained with unfed snails. 
log AF(FW) 1.6 - 0.5 log Ca++ ppm (at 28 
85 Sr 
days, egg cases) 
log AF(FW) 1.8 ·- 0.4 log Ca++ ppm (unfed snails) 
85 Sr 
ThesJ results indicate that tho uptake by the egg cases behaves 
like the unfed rather than the fed snails which had aslope of 
8 :t+ -0. 5 log Ca ppm. Raven (1946; 1956, 1958, 1964) have 
observed that the layer which c.:c::.rries the cortical field in the 
Limnaea egg? consists of a complex colloid. composed of proteins 
phosphatides, and probably ribonUc'l..0ic acid.· Calcium ions, 
adsorbed onto this complex, arc important for maintaining its 
stability and physiological properties. An exchange ·of calcium 
ions in the membrane with other cations, e.g. strontium, in 
the medium may occur up to a certain concentration Yd. thout 
altering the physioloe;ical 1n·operties of the memb1·ane • 
.ll.ddi tiona.l substitution may cause differential permeability of 
the membrane. 
Jura & George (1958) found that in the jelly enclosing the 
pulmonate eg0 ·, calcium as 'Nell as pr,.otein, mucqpolysaccharides, 
and fats is present. Althoug~the jelly is essentially 
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protective, the calciUJn can be utilised by the young snails. 
The presence of protein as well as calcitun in ·i;he jell;y- of 
the pulmon~te egg could account for the 'one-line' plot 
by the egg cas·es of Limnaea ~:~.-;e·~· 
It seems ther-efore that tl:.e calcium concentration in the 
medium is im.portant in controllin~, the uptake of radio-
strontium in the egg cases as well as the developing and adult 
snails. 
Fresh water molluscs as indicators of contamination of 
natural ,-,aters by r~dioisotopes 
Templeton and Brovm. (19-64) st.:.tethat, 'Studies on 
the metabolism of calcium and strontium have indicated that 
although strontium follows calcium closely, there is a degree 
of differentiation. In mammals, for instance, strontium is 
discriminated ag-ainst calcium il'- absor-ption from thG gut, 
whilst in the kidney, oalci-...u:l is resorbed .preferentially to · 
strontium. 1 
Bauer (1955, 1962) states that, 'to date no one he.s been 
able to demonstrate any dif'fGrence between calcium and 
strontium in the rate of skeletal clear-ance of these elements 
from the circulation. ' Bauer found that 90 Sr \"Jas retained 
in young rats to a lesser extent that 45 Ca owing to preferential 
excretion (or failure of reabsorption) of the former element 
by the kidneys as well.as lJy the Gut. 
Experimental evidence had proved that the uptake of l'Udio-'jboni"ILim 
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and radiocalcium by Limnaea species, Bithynia and Vi\Ciparus 
species follow a similar pe.th, but that there is discrimination 
against strontium in the fed snails. 
van der Borght (1962) noticed ths:.t 90 Sr was accumulated in 
a similar manner to 45 Ca by Limnaea stagnalis, and dis-criminated 
against s:trontituii. ·:. in favour of calcium. ++ Below 10tppm Ca 
there was more strontium taken up by the unfed snail than 
calcium. This is also true with Limnaea pereger, Limnaea 
truncatula, Limnaea auricularia at low calcium levels, in the unfed 
snails. The discrimination in favour of strontium varies from 
++ 0-56 ppm Ca. , dependent on the mo~luscan species. Above this 
level, the unfed snails discriminate against strontium, in 
favour of calcium. Since the snails discriminate against 
strontitun above 56 ppm Ca++, then in their natural habitat 
( 66. ppm Ca ++ to 120 ppm Ca ++h they will reduce the 
radiation ha~ard to themselves. 
The mean Sr/Ca ratio f'ol~ fresh water gastropods in fresh 
\"Ja.ters in the U.S.A. is 0. 75 compared with a ratio of 2. 34 for 
sea water (Odum 1958). Thus strontium may be taken up as a 
calcium replacement more in fresh \"Ja.ter than in sea water. 
The life cycle of fresh water pulmonates is mainly annual; 
( Comfort 19c::7. 
,. ..J ' Yonge,l958; Russell Hunter,l961, 1963; 
. 
Berrie, 1963; Fenwick, 1964); e.nd therefore Limnaea species can 
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only be regarded as short term indicators of radioactive 
pollution in fresh waters. 
The main reason that they can be regarded as biological 
indicators, is that they accumulate radiostrontium and radio-
calcium to a level higher than that of the medium. The radio-
strontium is still retained in the shell after the snail has 
died. Limnaea pereger is an ideal choice as a short term 
biological indicator as it almost has a world wide distribution 
(Russel Hu~t:er;l963), and it ce..n tolerate a diversity of fresh 
·water habitats. 
Vander Borght ·(1962, 1963, 1964) has suggested that 
Limnaea stagnalis can be used as a biological indicator, but 
it is not as widespread as L.pereger. 
Nelson (1963). has sugGested that the fresh water clam 
could be used as an indicator, since it is relatively immobile 
on river bottoms, and as the shell is increased in thickness 
over the years, the radiostrontium is concentrated in the 
nacreous layer (Thompson & Cho..,v 19.55). Also, the Sr:Ca ratio 
is independent of the age of the mollusc. The clam also 
discriminates against strontium relative to calcium in shell 
deposition. 
Ravera and Merline (1960) have suggested that Viviparus ater 
could be used as a biolo6ical indicator since it is the largest 
prosobranch found in the Italian lakes, and is widely distributed 
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in Italy. 
There is a strong need for a short term biological 
indica tor·, such as, Limne.ea pereger or Bi th,ynia tentacula ta, 
which will ·measure the radioactive deposition over a limited 
period of time. 
Jheory of the uptake of radiostrontium and radiocalcium 
by molluscs 
The structure of the cell membrane and the theories of 
cellular permeability are stumne.rised by Y!assermann (1963). 
'l1he effect of secretion of H+ and Ca ++ by the membranes of 
organisms in altering the permeability of cells has been noted 
by several investigators in both plant and animal cells. 
'(Me;y'Br,l914; Solomon, 196l; Pan tin, 1931; Ellis, 194 7; Kinizula } t . 
& Koketsu,1962; .Abood, 1963; Jura & George,l958; Steffensen, 
19-58.; Ussing, 1960; Thomason clr. Schofield,l961; Jayson & 
Pickering, 1962; Jayson et al, 1964: Raven, 1963). 
The effect seems to be that the calcium affects the 
viscosity of the lipo-protein layer, and at low calcium levels, 
the permeability of the cell is increased. This would account 
for the increased uptake of radiostrontiwn at low caicium levels. 
Iifia.rtonosi & Feretos (1964) state that the presence of strontium 
has no effect on the transport of calcium. Abood (1963) also 
states that polyvalent cations have the- same effect, but 
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·monovalent cations work the other way. This could account 
for the uptake of Yttrium 90 and Scandium 47. Vickery (1960) 
states that scandium does not exist in aqueous solution, but· 
because of its amphoteric nature readily forms complexes of 
considerable stability·. · ~his could account for the fact 
that the uptake of scandium 47 by Limnaea auricularia is 
similar in both fed and unfed snails. Yttrium (Vickery 1960) 
is normally found in nature as ci. replacement of calcium, e.g. 
in apatite crystal. This could explain that the uptake of 
yttrium 90 is similar to the uptake of radiostrontium, since 
it replaces calciiilm in the snail. However, yttrium tends 
to be in the particulate form (see Figure 224;), and therefore 
the uptake of yttrium would follow the path of strontium in 
being adsorbed onto the shell r.=t. ther than be taken up by the 
cellular membranes. The. other important point, is that 
yttrium 90 is the daughter product of stronti';lll 90, and ·that 
·probably the activity measured is yttrium from strontium 
decay. Palu~bo (1963) sta"jie.s that the rar,e earths to which 
yttrium and scandium belong, usually occur· in the insoluble· 
•· 
form and are not readily available for uptake by living 
systems. 
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Yttritun ~ I % crt ;o 
Ionic Colloidal Particula:Ce 
sea water o.4 2.2 98 
dis tilled!. 
water 1.6 1 •. 5 86 
·. 
Figure 124 
Physical cha.racteristic·s of yttrium and scandium (Vickery :t960) 
* * 
Yttrium occurs in the earth's crust in small amow1ts e.g. 
51g/ton and scandiQ~ 5g/ton • (Goldschmidt, 1954). 
Palumbo (1965) found that yttrium and scandium were not 
readily available for uptake by living organisms. He found 
that phytoplankton concentrated; these elements 10 times as much 
as fish, and concluded that this selectivity was due to the 
external surfe.ces 'of the organisms. He found that the primary 
site of deposition v1a·s the skeleton in both mollusc and fish. 
The insolubility of these particulate isotopes at the 
physiological pH of the digestive tract made their absorption 
difficult. 
It was observed in Limnaea truncatula that the initial counts 
of ftte.. fae,as -----------·--
J..are higher than the three week counts (90 Sr), which implies 
that the gut discriminates aGains; yttrium in favour of strontium. 
Also, the count rate decreases 
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with increasinG calcium concentration in the medium as shown 
in Figure 12ey. (Boroughs, Tcnnsley, Hiatt, 1956). 
:Gxperimental 1 2 3 4 5 Jars 
90Y-90Sr cpm. 1261.6 821 740 720 581.8 
90Sr cpm. 710 450 345 310 138 
Cal ci tun cone. 
ca++ ppm. 13.6 13.6 13.6 18.9 66 
--- ----·---
Figur·e 125'. 
Table. of uptake 90Y-90Sr and 90Sr by fae~bes of 
Limnaea truncatul~ at 14 days, at different 
calcium concentrations. Figures are the mean 
of 6. 
The physical properties of calcium and strontium sug:;est 
tha. t they follow the same pa thwa.y through biological membrc..=mes, 
since the passag·e through the pores in the membranes is 
determined by the [l_ydrated a ton or molecule rather than the 
ionic radius of the element. (Harris~l960). .Although the 
unhydrat~d ionic radius of ca.lcium is 1.06 R and strontium is 
1~27 R , (Vickery ,1960; Sid3·wick)1961), they have the same 
mobility of 59.8 \'Ihich sugc;osts the same hydrated ionic radius. 
Nightingale (1959) states that the hydrated ionic radius of 
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calcium and strontium is the same ,i.e. 4.12 R • 
Whilst investigating the uptake of 90 Sr by L=h!!!!~~-~ 
~eger, it became necessary to dissect out the different 
parts under a binocular :!Jlicroscope. It was observed tha·t 
20 out of 50 dissected snails contained stages of a 
developing chironomid larva ( 15 of Stage I and 5 of Stage II), 
a·s shmm in Figures 126a and 126b respectively. •rhe chironomid 
larve.e were ~"'JoU:.nrd:J. in the mantle cavity of the snails, which 
were obtained from the Shropshire Union Canal, Chester in 
July 1963. The calcium concentration of the ~anal was 
66 ppm Ca++, and the pH of 7.4 • 
This habitat is not listed in reference books on the 
·. 
subject.(Taylor, 1894; Ellis, 1926; Boycott, 1954; 1956a.b; 
Caullery, :1952; Macan, 1959; Step, 1960; Morton, 1965). The 
activity of the chironomid larvae was. extracted as for the 
snail, and is shown in Figure 127. The results in Figure 127. 
show that (i) the development of chironomid larvae is favoured 
by high calcium levels, (ii) that radioa-etive strontium is: 
concentra.ted by the larvae, (iii) that accumulation of this 
isotope is calcium dependent and (iv) t~1ere is a possi~ility 
of further concentration 
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Stage II ,, 
Pigure 126 b. _. 
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of t_b;is_ isotope-__ in the food chains, since th~ chironomid 
larvae fo'rms the diet of many animals. 
It is highly probable ·chat the chironomid. larvae are not 
par-asitic on the snail, but only gain shelter from living in 
the mantle cavity. 
-
Isotope Count 
-
Y-Sr 
90 Sr 
- ... ·--==----·~--·-
Difference in 
isotope counts 
~~~~·--·---··--
Calcium ion 
cone. 
Larval stages 
-
.A.F. I~o. of larvae 
.. --~ .... ~ 
-= 
15 10 
--- ----··--·-
9 10 
··-
- .. ...-.... 
. ~----
6 
r-----· 1---.... --... ---· 
8ppm 
.. , . ._ ___ 
10 of 
S tag·e l 
-
A. 
8. 7 
~-· 
5 
--
2. 7 
No. of 
larvae 
10 
10 
1--·-
--···------
66 ppm 
-·-·-----------~ 
5 of Stage I 
5 of Stae;e_ II 
Figure 127. 
l'iotes: (i) Mean fresh WEd£:,ht of the chironomid larvae 0.1.939 g 
(ii) 1\.F's at 5 days from commencement of" exper·iment. 
0'i) Y- S+-, M, bet-sed-. on ,ni-1-ia..l cou.Ml"~> oL 
q o ~ , kf , -b ~ o 1'\. 3 we.e.A<.. C...O~AANt'"s. 
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Further Research 
M'.i:.my problems relating to the uptalc.e of 47 Ca and 
radiostrontium (85 Sr, 89 Sr a.nci 90 Sr) by molluscs 
remain to be solved. Some of the most interesting are :-
(i) influence of increasing the act.iv-i ty of the surrounding 
water, (ii) effect of pH, (iii) effect of temperature, 
(iv) effect of oxygen concentrations, since all biological 
systems &1'8 radiosensitive in the pres.:mce ·of oxygen (Bacq 
& .li.lexander 1961), (v) the urJte.ke by molluscs from different 
habitats, to obtain some ecological distribution, (vi) the 
influence of other cations, e.g·. magnesium, (vii) salinity 
and (viii) the influence of ir:radiation, by"means of X-rays, 
.! 
.... 
gamma rays or neutrons on tho upt&ke of the above mentioned 
isotopes. 
• 
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Summa:cy 
1. In fresh waters, the uptake of radiostrontium and radio-
calcium by Limnaea species, Bithynia tentaculata and Viviparus 
viviparus, was iraluenced by the calcium concentration of the 
medium. 
The effect of the folloViin; environmental conditions UIJOn 
these snails was investigated: (i) tem~erature, (ii) hydrogen 
ion concentration, (iii) the effect of darkness, (iv) the 
concentration of isotope in the surrounding medhun and (v) the 
surfacing of the snails. 
2. The influence of' the previous habitat had a profound effect 
on the uptake of radiostrontium by Limnaea pereger. The 
lower the calcium concentration of the habitat, the greater 
the uptake of radiostrontium and radiocalcium by the snails. 
3. The upt~ke of radiostrontium an~ radio.calcium by unfed 
Lim~ species showed that the snails discrimine.. ted against 
calcium in favour of strontium below 56 ppm Ca++, according 
to the species and the state of feeding; and in fayour of 
calcium above this level. 
4. In the fed·Limnaea species, the snails discriminated against 
strontium in favour of calciwn at all calcium concentrations in 
the surrounding medium. This proves that the food - lettuce, 
Elodea, vvatercress - plays an important part in the uptake of 
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radiostrontium and radiocalciulll in Linmaee. species. 
5. In Bith,ynia tentaculata, the results for the fed and unfed., show 
that it discriminates against strontium in favour of calcium. 
The results also indicate that Bi thynia has a. gr·eater control 
of the permeability of its tis;:;ues than Limnaea species at 
low calcium concentrations. 
6. The uptake of radiostrontium and radiocalcium by the 
shell is greater than that of the body in all the molluscs 
,. 
'i.ested, and thar·e is greater accumulation of these isotopes by 
the skeletal tissues than by the visceral tissues of the body. 
7. The accumulation of radiostrontium follo·ws a similar path 
to that of radiocalcium, but the snails tend to discriminate 
against strontium. This would reduce the internal radiation 
dd.s e to the snai 1 s. · 
8. It is suggested that Limnaea pereger is a good short term 
biological indic:a"j;or fo:r· radioactive contamination of fresh 
waters, because of its widespre·ad distribution and ability to 
tolerate a diversity of fresh water habitats. 
tentaculata~ although able to control its membrane 
permeability .to a greater extent than Limnaea species at low 
calcium concentration, does not accumulate as much isotope as 
L.pereger, and therefore the difference in the activity between 
the habitat and the snail ·would be less in Bi thynia than in 
Limnaea. 
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9· The uptake of radiostrontium and radiocalcium was studied in 
a humid atmosphere. The results suggest that vihile the food 
is impo.rtant in the uptake and accumulation of radioactive 
isotopes, most of the activity tak.en up by the snails is 
taken up directly from the water. The food, however, 
stabilises the permeability of the snail's membranes. 
10. Some information was incid:3ntly collected on the uptake 
and accumulation ofe:foYct"iul!' and 47Sc, which showed that these 
particulate radioisotopes ar·e discriminCk.ted against by the 
molluscs in favour of the ionic radioisotopes 90 Sr and 47 Ca. 
ll. A new habitat for chironomid larvae was discovered in the 
mantle cavity of Limnaea pereger. This fi.nding indicates 
that there is a possibility of fui·ther contamination ftoM. these 
isotopes in the food chain. This is particularly important 
vii th 90 Sr since it has "' half-life of 28 years. 
·. 
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